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in small servo motors 
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Oil refineries and wind tunnels have this in common: 
both involve a “process” containing three basic ingredients 
... first, a raw material . . . second, operations which 
change the raw material . . . third, a final product. 
And both must be controlled. Our job at CEC is to make 
that control as automatic as possible . . . whether 
the raw material is crude oil or information. 

Recently we built a system (shown below) for automatic 
control of information at a major aircraft 
company in Georgia. The “raw material” is a series of 
electrical signals from test measurements . . . the 
“product,” a tabulation of these measurements in 
immediately usable, numerical form. Here are just a few 
of the system’s unusual features. . . 


this, 
too, 


is process 
control 
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@ balances and reads out up to 200 strain-gage 
channels at an average rate of 25 channels per minute. 


@ automatically tabulates true values, already 
corrected, in pounds, psi, degrees, etc. 


@ punches a master control tape so that a similar 
test format can be run any time . .. fully automatically. 


@ provides a punched paper tape for automatic 
conversion of all bridge outputs to IBM punched cards. 


@ operates with 0.1% full-scale accuracy ...i.e., 
resolves d-c inputs greater than +1 mv into +1000 
counts within +1 count. 


This is but one example of how the CEC Systems Division 
puts advanced instrumentation to work through 
integrated systems engineering. For your own problem 

in automatic data processing .. . or in dynamic testing, 
chemical analysis or process monitoring and control ... 
it will pay you to talk to CEC, to learn how 

systems engineering can go to work for you. Send today 
for Bulletin CEC 1304-X6. 


Systems Division 


Consolidated Engineering Corporation 


ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 
300 North Sierra Madre Villa, Pasadena 15, California 
Sales and Service Offices Located in: Albuquerque, Atlanta, Buffalo, Chicago, Dallas, Detroit, New York, Pasadena, Philadelphia, Seattle, Washington, D.C. 


JET PROPULSION 


104 


ve 


The pr 
rapid ap 
perature 
nomena. 
tions. 
accurate 
ponents 
put in th 
is obtain 
matical « 


N THI 
bustio 
in the te 
first prob 
dynamie 
evaluatiol 
tures is te 
error met 
perature, 
equilibriu: 


and the fc 
carbon, an 
ACO2) + 
+ 
(COz) + (( 


where 


5 
= 


n = nu 


to bring to: 
tion analys 
plementary 
set of work 
teceived 
Chief, I 
Researt 
Numbe 
‘In this 
to the cone 


Marcu 1 


7 
: 
: * 3° 
m = nu 
e 
is 


MARCH 1955 


VOLUME 25 NUMBER 3 


The purpose of this paper is to show the possibility of the 
rapid approximative calculation of the combustion tem- 
peratures, taking into account the dissociation phe- 
nomena, in a very wide range of thermodynamic condi- 
tions. In the second part there is described a simple and 
accurate method of computation of the gas mixture com- 
ponents at high temperature. This last method can be 
put in the hands of untrained people. Very good precision 
is obtained in the results, using only elementary mathe- 
matical operations. 


Introduction 


N THE past twenty years the calculation of the com- 

bustion temperature has taken a very important place 
in the technical and scientific literature (1-5, 7, 14).2 The 
first problem was the determination of the different thermo- 
dynamic functions, enthalpy, energy, and entropy. The exact 
evaluation of these functions for the different gaseous mix- 
tures is tedious, for it is necessary to calculate by trial and 
error method the exact composition of the gas at high tem- 
perature, taking into account the six or seven following 
equilibrium relations: 


22CO +0, (A) H, = 2H (D) 
2H.0 =20H +H, (B) = 20 (BE) 
2H.0 = 2H,+ 0:  (C) Ne +02:22NO (F) 

= 2N (G) 


ind the four mass balance equations for oxygen, hydrogen, 
carbon, and nitrogen :4 


AxCO2) + (CO) + 2(02) + (O) + (H2O0) + (OH) + (NO) =1 
+ (OH) + 2(H:) + (H) = m 

(CO.) + (CO) =n 

AN») + (NO) + (N) =k 


where 
k = number of gram atomic weights of carbon in the mixture 
{ = number of gram atomic weights of oxygen in the mixture 
m = number of gram atomic weights of hydrogen in the mix- 
ture 
n = number of gram atomic weights of nitrogen in the mix- 
ture 


L:prrors’ Note: The editors solicited this manuscript in order 
0 bring to the attention of American readers a method of combus- 
ion analysis that is extremely rapid and accurate as well. A sup- 
lementary publication in the near future will give the complete 
et of working charts for temperatures from 2000 K to 3200 K. 

Received September 7, 1953. 

' Chief, Department of Fuels and Combustibles. 

* Research Engineer, Department of Fuels and Combustibles. 

* Numbers in parentheses indicate References at end of paper. 

‘In this manuscript the chemical symbol in parentheses refers 
) the concentration in moles of the indicated species. 
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A Approximate Temperature Determinations 


Since 1933, a method developed by Prof. G. Ribaud has 
been used in France for the combustion temperature deter- 
mination (8, 12, 13). This method is based on the assump- 
tion of nonreaction between two series of equilibria, one re- 
lated to the dissociation of CO. and the other to the dissoci- 
ation of H.O. 

For instance, the combustion of a stoichiometric mixture of 
heptane-air will give: 7CO. + 8H,O + 41.5N2. At high 
temperatures, 7CO. and 8H,O will undergo dissociation, and 
the importance of the dissociation energy for each compound 
such as CO, and H,0 will be nearly the same as in the mix- 
ture of 7CO. + 49.5/2 and 8H,O0 + 48.5/s, respectively, 
where J, is an inert gas. 8H:O is considered as an inert gas 
in the first case, in the same manner as 41.5N>2, and in the 
second case 7CO: is similarly considered inert. This assump- 
tion is valuable for the energy problem only, since the com- 
position of the dissociated products will be somewhat dif- 
ferent. The effective enthalpy will,be formed by two terms, 
one related to the heating of the final products from the 
reference temperature up to the combustion temperature, 
and another related to the dissociation energy at the com- 
bustion temperature. The last quantity will depend upon 
the temperature, the pressure, and the total number of 
molecules present in the mixture. The tables of effective 
enthalpies have been given by Ribaud (9, 10,11). Such tables 
can be used for the calculation of the effective enthalpy of the 
mixture 7[CO. + 7.07J2] by interpolation between the values 
corresponding to the mixtures CO, + 4/2 and CO, + 8/». 

The following results are obtained by this method from 
Table 1: 


Effective Enthalpies (Keal) 


+ CO: + 812 + 7.0712 
1900 C (2173 K) 28.60 29.35 29.14 
2000 C (2273 Kk) 32.20 33 40 33.12 


Calculated in the exact manner are the effective enthalpies 
of the mixture H.O + 6.06/. corresponding to temperatures 
1900 and 2000 C. The necessary data are given in Table 2. 


Effective Enthalpies (Keal) 


+ 4/> + 8/2 H.0 + 6.06/2 
1900 C (2173 K) 22.45 23.25 22.86 
2000 C (2273 K) 25.30 26.50 25.92 


The preceding numbers must be multiplied by the corre- 
sponding factors of the combustion equation and added to 
the enthalpy of the 41.5 moles of nitrogen. 

The molar heat of combustion of heptane, 1068 Keal, indi- 
cates immediately the combustion temperature by inter- 
polation between the numbers given in Table 3. 
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Table 1 Effective Enthalpies (Kcal/Mol) for the Molecule CO. between 0 and ¢ C in the Mixtures CO, + p/: at Atmospheric 


Pressure 

tc CO, CO, + 2/2 CO, + 4/2 COz + 8/2 CO, + 12/2 CO; + 16/2 

1300 16.00 16.04 16.07 16.10 16.15 16.25 | 
1400 17.50 17.57 17.65 17.70 17.80 17.90 
1500 19.15 19.30 19.45 19.50 19.75 19.90 } 
1600 20.75 20.95 21.20 21.30 21.45 21.65 

1700 22.70 23.05 23.30 23.55 23.90 24.20 

1800 24.70 25.35 25.80 26.15 26.55 27.00 

1900 27.10 27.90 28.60 29.35 29.90 30.40 

2000 29.60 31.00 32.20 33.40 34.40 35.00 

2100 32.80 34 70 36.35 38.30 39.50 40.60 

2200 36.30 39.00 41.80 44.50 46.20 47.30 

2300 40.80 44.70 48.30 51.50 53.60 55.40 

2400 46.80 51.80 55.90 60.00 62.50 65.00 

2500 53.00 59.40 63.70 68.50 71.30 74.70 

2600 60.40 68.30 72.80 78.40 81.80 85.80 

2700 68.30 77.50 82.60 89.10 93.10 97.80 


Table 2 Effective Enthalpies (Kcal/Mol) for the Molecule H.O between 0 and ‘° C in the Mixtures H.O + f/: at Atmospheric 


Pressure 
tC H.0 + H.0 + 412 + 812 H,0 + 16/2 
1300 12.50 12.50 12.50 12.50 12.50 
1400 13.65 13.65 13.65 13.65 13.65 
1500 14.80 14.88 14.95 15.05 15.25 
1600 16.00 16.15 16.40 16.65 16.95 
1700 17.45 17.60 18.20 18.55 19.05 
1800 19.00 19.35 20.15 20.70 21.25 
1900 20.80 21.50 22.45 23.25 24.15 
2000 23.00 24.00 25.30 26.40 27.50 
2100 25.60 26.75 28.25 29.90 31.50 
2200 28.70 30.25 32.45 34.50 36.30 
2300 32.15 34.60 37.40 40.00 42.40 
2400 36.70 40.05 43.75 47.40 51.00 
2500 42.20 46.25 51.20 56.25 61.60 
2600 48.10 53.80 60.30 66.80 75.40 
2700 54.80 60.70 70.80 79.70 91.80 
i, = : the temperature rises from 2500 to 3000 K. The determi- 
Table 3 nation of the components resulting from the dissociation of 
Temperature > 1900 C 2000 C the CO, molecule by this method is satisfactory to within 2 or 
Effective enthalpy of 3 per cent. 
700; 204 231 When this method is applied to the second group of reac- 
8H.0 181 206 tions, B, C, D, and E, the difference between the values read 
Enthalpy of 41.5Ne2 630 660 from the chart and actual ones is more noticeable and the gas 
1015 Keal 1097 Keal composition is only correct to within 10 per cent. 
a ees The same representation can be used for the enthalpy of 
at 0 eats dissociation which is proportional to the amount of the disso- 
, ies 1068 — 1015 ‘ C 53 ciated components. As the dissociation energy is a function 
1965 C or 2238 K 10" 
5 
This temperature is 17 degrees lower than that calculated 254+ 4 
by the rigorous method. 
The following approximate determination of the composi- 
tion and the enthalpies of the combustion products at high wi 's 1 a 
temperatures under different pressures was conceived by one 52 a —=|— PP as 
of the authors (15, 16, 17). This method is based upon a 25 4s,.0c— 
double assumption; first, on the nonreaction between the two wot ; <A aux “ 
series of equilibria as previously indicated; second, on a par- 5 
ticular representation of amounts of different gases. In this wt amr Pua i 
representation (Fig. 1) every kind of gas is given as a function Pm 2 =. - Swe 
of the generalized equilibrium constant (2/P)Ko, where > a+ f 
is the total number of moles in the mixture, P the total pres- +> _s 
sure, and Ko, the equilibrium constant of reaction (E) given 5 * 
by the tables. The logarithmic scale is particularly useful; “a | : 
such a chart only has a meaning when there is a linear rela- 0 0 D0 D 
tionship between the different equilibrium constants and that be 
of oxygen dissociation. For the first reaction group, A and Fig. 1 Dissociation of fictive mixtures CO, + ni2 (n is num- 
E, the ratio (Kco,/Ko,)'”? increases from 2.38 to 2.65 when ber of inert molecules) 
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of the temperature, its mean value can be chosen for the range modified as well as corresponding enthalpies of dissociation. 


of temperatures between 1750 and 3000 K for each of the com- But for the latter this modification is relatively small, since 
ponents CO. and H.0. there is some compensation between the enthalpies of disso- 
When both molecules CO, and H.O are present in the mix- ciation related to the different equilibria. Furthermore, the 
ture, the composition of the dissociated products is somewhat energy of dissociation in most technical applications is only a 
008s 
ear - 
906 2 
005 
4H conlgscol == 
A 
= O5CO_| 
103 Co— 
o2- 
4 
¥ | Dissociation Enthalpy 
7 of a CO* molecule in the 
v3 mixture of CO, and 0? 
7 4 MH co*(96 | t 
een 
! \ Ah coz 
| 
T 
= | / / Exempl/e : 
| gooer 4H for the mixture. 
at 2750° under 40 Atm. 
r t 
AE 
2p 39 40.50 
| INSTITUT FRANCAIS PETROLE 
tile | 
| / | 
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Fig. 2 Dissociation enthalpies for fictive mixtures CO, + nJ- (n is number of inert molecules) 
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fraction of the total enthalpy, so even when its value is known 
approximately, the final results are little affected by this ap- 
proximation. The use of such charts can be illustrated by 
the following example of combustion of a diesel oil in nitric 
acid under 30 atmospheres. The first step is the evaluation 
of the energy involved in this reaction. The formation of a 


mole of nitric acid from its components Hp», Oz, and Nz liberates 


35.2 Keal. As the theoretical combustion of a diesel oil 
(C;.2sHis) requires 8.4 moles of nitric acid, so 296.5 Keal will 
be necessary to transform 8.4 moles to its components. This 
energy has to be taken from the heat of combustion of the 
diesel oil (1100 Keal/mole). A fraction of this energy of de- 


4 
— 
4H H70 420/03 H2) 
70 LA (97 0%) 
a H20 
4 
VARNEY, H40 molecule in the mixture 
of N,,CO and 02 
4 
/ 
4 
Wi AH H0(02 02) 
a 
Ul 
— me Exemple 
4H for the mixture 
H20 + 11,06 N2 
at 2750°C under 40Atm. | 
‘ 
-4 
| 
t 
| INSTITUT FRANGAIS pu PETROLE 
I| Fi9.3 
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Fig. 3 Dissociation enthalpies for fictive mixtures H.O + n/, (n is number of inert molecules) 
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composition is recovered by the combustion of 8.4 gram 
atomic weights of hydrogen giving finally 4.2 moles of H.O 
and liberating 243.6 Keal. Assuming a two-step reaction, the 
combustion equation can be written in the following manner: 


CrasHlis + 8.4HNO; — 7.25CO. + 10.7H,O + 4.2N2 + 
1100 — (296.5 — 243.6) = 1047 Keal 


The next step is the evaluation of the enthalpy of dissocia- 
tion of CO, and H,O in two fictitious mixtures: CO, + 
(10.7H2O + 4.2N2)/7.25] or CO. + 2.05/:, and H.O + 
(7.25CO, + 4.2N2)/10.7], or HxO + 1.07J2 (molecules be- 
tween. the brackets are considered as an inert gas). The 
data on the equilibrium constants give for Ko, = (O)?/(Oz) 
the values 4.20 X 10-* and 7.9 X 107? corresponding respec- 
tively to the temperatures of 2900 and 3000 C, which will be 
assumed to represent the lower and higher limits of the pos- 
sible combustion temperature. In order to use the general- 
ized constant charts, the preceding values must be multiplied 
by the quotient of the number of moles by the pressure (the 
real number of moles taking into account the dissociation can 
be read from the right-hand side of Figs. 2 and 3). 

On first approximation the generalized constants at 2900 
and 3000 C are as follows: 

30 
3.05 X 7.9 X 10-3 


30 = 8 X 10-3 for CO: equilibrium 


207 4.2 10-2 
30, 
2.07 X 7.9 X 10-8 
30 


= 2.9 X 1073 and 


= 5.5 X 107 for H.O equilibrium 


They allow the determination of the total number of mole- 
cules, and their new values are: 


3.22 X 4.2 107? 


30 = 4.5 X 10-3 and 
326 7.9 X 


30 


= 8.5 X 107? for CO: equilibrium 


2.18 X 4.2 X 1072 


2.22 7.9 X 107? 
—— = 5.9 X 1073 for equilibrium 


For instance, the dissociation enthalpy of CO: in the mixture 
CO, + 2.05, at 2900 C read from Fig. 2 is 22.5 Keal. All 
calculations related to the combustion of diesel oil in nitric 
acid are summarized in Table 4. 

Simple interpolation between these two values of enthalpy 
gives the combustion temperature 
1047 — 1031 


— 100 = 2900 19 = 2919C 
1115 — 1034 


2900 + — 


The comparison of this temperature with the result when the 
dissociation phenomenon is neglected shows a difference of 
3970 — 2919 = 1051 C. The relative error is about 35 per 
cent. The same temperature compared with that one cal- 
culated by the rigorous method points out a difference of only 
40 C, or 1.5 per cent, which is quite reasonable for technical 
needs. 

The use of such a method for the determination of the 
flame speed based upon the concentration of several com- 
pounds is less favorable, as shown in Table 5. 

The difference between the dissociation enthalpies calcu- 
lated with two different methods represents only an error of 8 
per cent, which is less than 2.6 per cent in the total enthalpy 
of the combustion products. This points out that the method 
of generalized dissociation constants can be used acceptably 
for the rapid determination of the combustion temperatures, 


— 


Table 4 
Temperature 2900 C | 


Total 
Enthalpy of Enthalpy of Enthalpy of Enthalpy of effective 
dissociation dissociation heating per heating for enthalpy 
Fictitious Generalized per mole, for total moles, mole, total mole, for total moles, 
equilibrium const. Keal/mole Keal Keal/mole Keal Keal | 
CO, + 2.0572 4.5 X 10-3 22.5 7.85 X 22.5 = 162 39.35 285 447 | 
H,O + 1.07/2 3.05 X 10-3 12.8 10.7 X 12.8 = 138 32.35 346 484 
No 23.89 4.2 X 23.89 100 
1031 
Temperature 3000 C 
CO2 + 2.05/; 8.5 X 10-3 26.5 7.25 X 26.5 = 192 40.5 7.25 X 40.8 = 293 485 
HO + 1.07%, 5.9 X 10-5 15.6 10.7 X 15.6 = 166 33.8 10.7 X33.8 = 360 526 
Ns 24.78 4.2 X24.78 = 104 104 | 
1115 | 
Table 5 Combustion Products of a Diesel Oil in Nitric Acid at = 2973 C (3246 K) and P = 30 atm | 
Generalized 
Trial and constant Dissociation eo 
error method: method: Relative energy ee 
number of moles number of moles Difference difference, % difference, Keal 
CO: 4.672 4.63 —0.042 - 0.9 | 
CO 2.578 2.618 +0.04 +1.5 +2.6 | 
Oz 1.297 1.571 +0.274 +21 
H,0 9.340 8.94 —0.4 —4.3 
H. 0.700 1.18 +0.48 +69 +36 
OH 1.130 0.813 —0.317 —40 —22 
O 0.266 0.395 +0.129 +50 +7.2 
H 0.240 0.304 +0.064 +25 +3.5 
27.3 Keal 
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but is not suitable and even dangerous for calculations which 
require the exact composition of gases at high temperatures. 
This is the reason for which the development of a new method, 
as described in the following section, was undertaken. 


B_ Exact Calculation of the Composition of 
Combustion Products at High Temperatures 


The method (18) presented here permits rapid and rigorous 
calculation of the gas mixture composition at high tempera- 
tures under different pressures (P > 0.01 atm) when these 
mixtures are initially formed exclusively of carbon, hydrogen, 
oxygen, nitrogen, and inert gases, such as argon, neon, etc. 

A series of graphs have been established for the tempera- 
ture range from 2000 to 3200 K, taking into account the 
following equilibria: 


2CO, = 2CO + = 2H2 + 


20 H, 2H 


2N 

The equilibrium constants published by the National 
Bureau of Standards (19) and that of French Petroleum Insti- 
tute (6) were used for these calculations. The last reaction 
was considered only for the determination of gas mixture com- 
position at 3200 K. At lower temperatures the value of the 
corresponding equilibrium constant is so small that nitrogen 
dissociation can be practically neglected. 


Theory of the method 


The relations giving the mixture composition can be written 
in the following form. 


(CO)? (Oz) _ 


OF _ ey 
(OH)(H:) 
(Hz)*(Oz) _ 
(H)? , 
(NY 
2(H2) + 2(H2O) + (OH) + (H) = m........ [9] 
2(N2) + (NO) +(N) =k............ [10] 


2(CO2) + (CO) + 2(O2) + (O) + (H:0) + (OH) + 
(NO) =1....[11] 


V is the volume occupied by the mixture, K equilibrium 
constants at the constant volume. These constants can be 
deduced from the relation K = K’(1/RT)® where K’ is the 
equilibrium constant at a constant pressure, and 6 is the alge- 
braic sum of the exponents in these preceding relations: i.e., 


n = total gram atomic weights of carbon 
m = total gram atomic weights of hydrogen 
1 = total gram atomic weights of oxygen 

k = total gram atomic weights of nitrogen 


Equations [1], [2], [3], [4], [5], and [9] determine the values 
of O./m, O/m, H.O/m, OH/m, H/m, H:/m as functions of 
two variables: the ratio CO/CO2 (or CO/n) and V/m inde- 
pendently of the different values of n, 1, m, and k. 
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Similarly, Equations [6], [7], and [10] define N2/k, NO/k 
and N/k as functions of two variables O./k and V/k inde- 
pendently of the mixture characteristics. 

The Graphs B, C, D (Figs. 5, 6, and 7), and E® give reduced 
composition versus two parameters: the ratio CO/n (or 
appropriate function of this ratio) and the reduced volume 
V/m. 

Graph A (Fig. 4) is used for the calculation of the ratio CO/n 
necessary for the computation on preceding charts. ‘This 
representation (Graph A) is based on the relation [11] (oxygen 
balance) which was not introduced until now and which can 
be written in the following form: 


20. O OH 2n n {CO k NO 


m m m m m m n 


mk 

On Graph A are represented the value a(V/m, CO/n) = 
(20./m) + (O/m) + (H2:O/m) + (OH/m) versus two vuaria- 
bles CO/n and V/m. 

If the term NO is neglected, the required value CO/n is 
the abscissa of the intersection point of the curve a(C(/n, 
V/m) with the straight line, a = [(1 — 2n)/m] + (n/m) (CO/ 
n). 
It is possible to take into account the term NO by the trial- 
and-error method. When NO is neglected, the value CO/n 
given by the chart permits the calculation of the term NO, 
A further approximation consists of drawing a new line 


_ = 2n — k(NO/k) (2) 


n 


a 

m m 

parallel to the first one which gives a new intersection point 

with the curve a(V/m, CO/n). This point gives new values 

of CO/n and NO. The last operation can be done as long as 

different values NO are found. Practically only one approxi- 

mation is necessary, for the convergence of the calculations is 
very rapid. 

This application of these charts is easily extended to the 
case where the imposed parameter is the pressure of the mix- 
ture and not its volume. For this reason there were drawn 
curves on Graph C: 


oH 
mn m 
function of two variables V/m and a 


Description of the charts 


The theoretical principle of the described method is rigorous 
and errors of results depend only upon the accuracy of the 
execution of the graphs. This is the reason for the limitation 
to key variables which are used in elementary calculations of 
the mixture composition; with the scales employed for such 
representation, errors are about 1 or 2%, so are less than these 
introduced by our knowledge of the thermodynamic data. 

The key variables were chosen according to their nature 
either as functions of CO/n and V/n, or as a function of a and 
V/m, or at least as function of O./k and V/k. On the other 
hand, a change of variable was made so as to obtain values 
independent of the reduced volume. 

For each temperature there were established: 

1 A Graph A giving curves a = f(CO/n, V/m). 

2 <A Graph B giving, first, the curves H2/m = f(CO/n, 
V/m) and, second, the curves 


Oz co\ co\ NO co 


These last relations are independent of the volume. All 
curves are plotted on a semilogarithmic scale. The first 
part B, is available for O < (CO/n) < 0.5 and the second B; 
for 0.5 < (CO/n) <1. 

3 A Graph C related, first, to the curves cH/m = f(a, 
V/m) and, second, to the curves (H:0/m) = f(a, V/m), [with 


5 Graph E refers to dissociation of Nz. It is a part of the 
3200 K set of graphs to be published at a later date. 
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0.4 < a < 2.4], which is represented on a linear scale. 

4 A Graph D with curves O./m = f(a, V/m) on a semi- 
logarithmic scale. 

5 A Graph E with two sets of curves: NO/k = f(O2/k, 
V/k), and N2/k = f(O2/k, V/k) on a semilogarithmic scale. 

Graph E was constructed only for temperatures higher 
than 3000 K when monatomic N appears. At lower tem- 
peratures between 2800 and 3000 K, when the dissociation 
N. = 2N can be neglected, two scales presented on Graph A 
give NO/k versus O2/k for (NO/k) > 0.01. When the value 
NO/& is still less, then the curve (NO/k) + [1/-Y V/k] = 
f(CO/n) of Graph B will be used. 


Utilization of the charts 
Following the nature of the problem to be solved (com- 
bustion with constant volume or constant pressure) the varia- 
ble specific volume or pressure will be introduced in the 
calculations. 


a Composition of a Mixture Without Nitrogen in a Given 
Volume at a Given Temperature 
On the Graph A the intersection point of the line a = 


[(l — 2n)/m] + (n/m) (CO/n) and the curve a(Vo/m, CO/n) 
is representative of the mixture composition. Vp is the given 
volume. 

This point gives, by mere reading of the graph, values of 
CO/n and CO./n = 1 — (CO/n). This value of CO/n per- 
mits entry on Graph B for the determination of H:/m. With 
the value of H,/m it is easy to calculate: 


H OH 

(2H2/m) — (H/m) OH _ 
m 2+ (OH/H.O) H:O 


In the same way one calculates from this graph O2/V and 
O/V. All necessary relations and numerical values of the 
equilibrium constants are given on the graphs. 


b Composition of a Mixture with Nitrogen in a Given 
Volume and at a Given Temperature 

At first approximation the determination of the representa- 
tive point is exactly the same as before. The CO/n value 
read on Graph A is used with Graph B in order to find NO/k 
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Fig. 4 Graph A for the determination of the CO component in the mixture 
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V/1/(V/k). In the case where the value NO/k calculated 
from the last relation is larger than 0.04, better precision 
(error less than 2 per cent) for the temperatures 2800 and 
3000 K is given by two scales represented on Graph A, corre- 
sponding respectively to these temperatures. For the tem- 
perature of 3200 K the value of O, read on Graph B will be em- 
ployed for this purpose. The value obtained by either 
method allows a new straight line, a = [(1 — 2n — NO)/ 
m] + (n/m) (CO/n), to be drawn on Graph A. The inter- 
section point with the curve Vo/m indicates a new value of 
the ratio CO/n. It can be easily seen that the required ac- 
curacy is practically reached after a single operation. H,/m, 
H/m, OH/m, H:O/m, O2/m, O/m are calculated, as explained 
before. At temperatures lower than 3000 K the proportion 
of the molecular and atomic nitrogen can be determined by 
the following relations: N. = (k — NO)/2 and N/k = 
WK+(N:/k) (V/k); at higher temperatures the molecular 
nitrogen is read directly on Graph E and the atomic nitrogen 
is given by the preceding relation. 


ec Composition of a Mixture (General Case ) at a Given 
Pressure and Temperature 
The intersection of the linea = (1 — 2n)/m + (n/m) [(CO)/ 
n| with the curve corresponding to the relation Vo/m = 
X»/m) (RT/P) (where po is the number of moles when dis. 
sociation is neglected) gives the first approximation of a, and 
on Graph C, the value of cH/m. With this latter value the 
actual number of moles can be easily calculated 2/m = 
(cH/m) + (n/m) + {[{(NO) + k]/2m} where (NO) is deter. 
mined by the previously expressed method. The intersection 
of a new line, a = { — 2n — (NO) ]/m} + { (n/m) [(CO)/n}}, 
with the curve of the volume V/m = (Z/m) (RT/P) givesa 
sufficient approximation for further calculation of gas mix- 
ture. 


d Particular Cases—Composition Point Corresponds to 
(CO)/n < 0.05 

The choice of the linear coordinates has the advantage of 
simplifying the representation of different parameters, but 
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Fig. 5 Graph B for the determination of the H, component in the mixture 
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unfortunately the relative precision of such graphs is bad 
for low values of the ratio (CO)/n (2% error). Thiserror can 
be neglected in the evaluation of the thermodynamic functions 
such as enthalpy, energy, and entropy; but in some cases a 
better precision may be required. 

i Composition point in the portion of the plane defined by 
(CO)/n < 0.1 and a > 0.6. 

When the characteristic line of the mixture has been drawn 
on Graph A, the corresponding value (O2)/m = f(a, V/m) from 
Graph D gives (NO)/k = 0.707 ~/Ke[(O2)/k)] and, as previ- 
ously, o/f/m from the Graph C, and finally the exact com- 
position point on Graph A. 

and (CO) are easily calculated by the relation (CO.)/ 
(CO) = 4/(O2)/KiV, taking into account the value O./m. On 
the other side the same chart gives the ratio (H.O)/m which is 
necessary for the determination of the different components 
containing H; for instance, (H2)/m = WK,/K, X [(H.O)/ 
X [(CO)/(CO)]. 


Tlie atomic oxygen is calculated directly with the relation: 


(0) = VK2V(O.). 

This method is characterized by very high accuracy (the 
relative error is less than one per cent) even when the dissocia- 
tion is low. It can be used as well as the general method 
systematically for all representative points of the plane por- 
tion of coordinates (CO)/n < 0.1 and a > 0.6. 

The corresponding curves of (H,O)/m are represented on 
Graph C. This particular case is relative to mixtures with 
excess air or oxygen at low temperatures and high pressures. 

ii The representative point is in the portion of the plane 
(CO)/n < 0.05 anda < 0.6. 

Ifa high relative precision is required, the following 


equation obtained by the combination of Equations [9] and 
[11] can be resolved graphically for (CO). 


ae ( (CO) ) ( (CO) 


WK;V(m/n)p(CO) — 2 (" 1) (CO) 


+ 
= 21 = m — 4n....[12] 


2 

(H,0) is read on Graph C; V is calculated taking intoaccount 
the value o/1/m given by Graph C. The values of p are re- 
ported in Graph I® for different temperatures and volumes. 
In some cases several terms of Equation [12] can be neglected. 
The value obtained for (CO) immediately gives (H2)/m = 
p[(CO)/n]. 

Auxiliary graphs can be constructed for the graphical 
resolution of Equation [12]. 


e Interpolation versus Temperature 

For temperature ranges between those given on the graphs, 
the gas composition or partial pressure can be plotted on 
logarithmic scale versus 1/T. The representative curve in the 
range of 200 deg can be perfectly assimilated to a straight line 
with a sufficiently high accuracy. 


Illustrative Examples 


I Composition of the combustion products of benzene in air 
(stoichiometric mixture) at T = 2400 K and P = 1 atm: 
The combustion reaction 


7.502 + 28.2N>2 = 6CO. 28.2Noe 


6 To be published in a supplementary paper. 


© 


T: 2400°K 


L4 A 2 


| 


Hig. 6 


Vim 100.000 


40.000 m? /alome H 


| |S 


lym 1.000 m4 /alome H 


m3 /alome H 


Ym 


a /H 
Vim lom®/alome 
Yim 100m3/elome/H 


> 


95 


Vim blome/H 


Vim 


Vim 10.000 m? alome/H 


| | 
aS 43 


Q 


Fig. 6 Graph C for the determination of the total number of molecules present in the mixture 
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gives the necessary numerical values of the different parame- 
ters. 


n = 6,m = 6,1 = 15, k = 56.4, Zo = 37.2 


XRT 37.2 X 0.0821 2400 
1 


The line a = [(l — 2n)/m] + (n/m) [(CO)/n] has an inter- 
section point with the abscissa at a = 0.5; (CO)/n = 0. Itcan 
be pointed out that for all stoichiometric mixtures when the 
formation of (NO) is neglected, the characteristic lines cross 
the abscissa at this point. 

Linear interpolation following the abscissa gives immedi- 
ately the point corresponding to the reduced volume Vo/m = 
(7330/6) = 1221 

The coordinates of this point are: (CO)/n = 0.162anda = 
0.662 (Fig. 4, Graph A). On Fig. 5 (Graph B), for (CO)/n = 
0.162, the function (NO)/k V/k/V has the value 2.82 X 10~‘. 
(NO)/m is immediately deduced from the following relation 


= 7.330 


Vo = 


= = 2.82 x 1074 x = 3.03 107? 
m 56.4 6 
which is used for the calculation of actual number of moles, 
Fig. 6 (Graph C) gives for a = 0.662 and V/m = 1221 mi, 
oH/m = 0.605. 

The total actual number of moles is: 


k 
n+ x 0.605 +6 + 
6 X 3.03 X 10-? + 56.4 
2 


and the corresponding volume V = 7470 m’. 

A new representative point on Fig. 4 (Graph A) is given by 
the intersection point of linea = [(1 — 2n)/m] + [(NO)/m]+ 
(n/m) {(CO)/n] or a = 0.4697 + [(CO)/n] with the volume 
curve V/m = 7470/6 = 1245 mi. 

The coordinates of this point are (CO)/n = 0.172 and a = 
0.641. The corresponding numerical values of (NO)/k V k/V 
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Fig. 7 Graph D for the determination of the O, component in the mixture 
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= 2.63 X 10-4 and cH /m = 0.595, furnish (NO)/m = 2.63 X 
/7470/56.4 X 56.4/6 = 2.84 X 107%, the new true 
number of ery > = 6 X 0.595 + 6+ [(6 X 2.84 x 10-2? + 
56.4) /2] = 37.85 and the new volume V = 7.450 m*. The 
corre adie representative point on Fig. 4 has for ordinate 
value (CO)/n = 0.171; the difference with the previous value 
is less than 0.6%. This value can be considered as definitive 
for further calculations. 

The complete composition of the mixture is determined with 
the parameter (CO)/n = 0.172 and Fig. 5 (Graph B). 


(CO) = 0.172 X 6 = 1.032 
(COs) = 6 — 1.032 = 4.968 


(O») 
= 5.67 X 10 
(O.) = 5.67 X 10-5 X 7.470 = 0.424 
(0) = 5 X 10% X 7470 = 0.03735 
(NO) _|k 
2.63 X 10-4 

(NO) = 0.170 

56.4 — 0.170 

2 

(Ia) = 1.6 10-* 
= 1.6 X 107? X 6 = 0.096 


= 113 x VV = 1.13 Xx 
10-8 0.096 X 7470 = 0.0304 


OH L745 X 10-4 V/V 7470 
(OH) _ 1.745 XO VT x 06 


(1,0) 0.096 
0.0488 
m — 2(H2) — (H) 
H,0) = ——— = 2.82 
(1:0) 2+ [(OH)/(H,0) | 
(OH) = (H:0) x (OH) _ 9.82 x 0.0488 = 0.1380 
2 wae 


The equilibrium constants are verified with the calculated 
partial pressure within 3 per cent, and the mass balance 
equations within 1 per thousand. 

It will be noticed that the composition point lies within the 
useful portion of Fig. 6 (Graph C) so that it is possible to 
verify the value (H.O)/m = 0.47, or (HO) = 0.47 X 6 = 2.82 
found before by another method. 

Il Mixture composition of the combustion products of 
benzene in air (f/a, equivalence ratio = 1.1) at T = 2400 K and 
P = 1atm: 

The combustion equation 


LICsHe + 7.502 + 28.2N. = 
(CO2z)o + (CO)o + (He)o + 28.2N2 


gives the numerical values of the different parameters n = 
6.6,m = 6.6, 1 = 15, k = 56.4. 

In order to get the first approximation, it can be assumed 
that the second member of the combustion is related to the 
water gas equilibrium, but it is not necessary to write this 
equation for (COz)o + (CO)o = n and + (He)o = 
m/2. 

Finally the number of moles is Yo = n + (m/2) + (k/2) = 
6.6 + 3.3 + 28.2 = 38.1 and = [(38.1 X 0.0821  2400)/ 
1] = 7500 m?. 

The line a = [(l — 2n)/m] + (n/m)[(CO)/n] with the 
numerical values takes the following form: a = 0.273 + 
[(CO)/n]. 

The intersection of this line with the curve Vo/m = 7500/ 
6.6 = 1135is given by the coordinates (CO)/n = 0.256 and 


a = 0.529. As previously, Fig. 5 (Graph B) gives (NO)/k 
Vk/V = 1.6 X 10-4 and (NO)/m = 1.73 X 107°, and Fig. 


6 (Graph C) the value cH /m = 0.585. 
The new number of moles 
6.6 X 1.73 X 107? + 56.4 
2 


= 38.72 


= 6.6 X 0.585 + 6.6 + 
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and the new volume V = 7620 correspond to the second ap- 
proximation related to the intersection point of the line, a = 
0.273 — 0.0173 + (CO)/n, with the volume curve V/m = 
1155m%/H. Its coordinates are (CO)/n = 0.267 and a = 
0.523. The accuracy of these results can be considered 
sufficient for the further calculation of different components: 


(CO) = 1.76 
(CO:) = 4.84 
(Fig. 5, Graph B) = 1.74 X 107-5 and (Oz) = 0.14 
—— y (Fig. 5, Graph B) = 2.85 X 10-6 and (O) = 0.0217 
H 
i (Fig. 5, Graph B) = 2.75 X 10-2 and (Hz) = 0.181 
m 
(H) = 1.13 X 10-* V/0.181 X 7620 = 0.042 
= 1.745 107 = 0.0358 
6.6 — 0. 362 — 0.042 
= = 3.04 
2 + 0. 358 


(OH) = 3.04 X 0.0358 = 0.109 
(NO) Vk/V (Fig. 5, Graph B) = 1.5 X 10-* and (NO) = 
0.0985 
56.4 — 0.0985 
= — = 28.15 
2 
III Composition of the combustion products of methane in 
oxygen (lean mixture, equivalence ratio 0.8) at T = 2400 K 
and P = 10 atm: 
From the combustion reaction 


0.8CH, + 202 = 0.8CO2 + 1.6H2O + 0.402 


one can express the numerical values of different parameters 
asn = 0.8, m = 3.2,1 = 4, k = 0, the initial total number of 
moles Y» = 2.8, and the initial volume Vp = [(2.8 X 0.0821 X 
2400) /10] = 55.1m*. 

With these values the intersection point of the line a = 
[(l — 2n)/m] + (n/m) [(CO)/n] or a = 0.75 + 0.25 [(CO)/n] 
with volume curve Vo/m = 55.1/3.2 = 17.2 has the following 
coordinates: (CO)/n = 0.018, a = 0.754. oH/m necessary 
for the evaluation of the total number of molecules is read 
on Graph C (Fig. 6) and equals 0.63. This value introduced 
in the equation of the actual total number of moles, © = 
m(cH/m) + n = 3.2 X 0.63 + 0.8 = 2.81 shows a very small 
variation of the last number. So this point can be considered 
as definitive. As the composition point lies within the por- 
tion of the plane determined by the condition (CO),n < 0.1 
and a > 0.6, it is advantageous in order to get better accuracy 
to operate with the method described as a particular case 
(sect. i under ‘‘Particular Cases,” p. 113). 

Fig. 7 (Graph D) used in this method gives (O2)/m = 0.127, 
or (Oz) = 0.407 with a = 0.754. 

The atomic oxygen is immediately calculated from the 
relation O = 6.68 X V x (Os) = 6.68 X 10-44/55.1 X 
0.407 := 0.00316 as wellas the ratio (C O.)/(CO) = 6.41 X 10? 
V(0.)/V = 641 X 10? 90.407 /55.1 = 55. 

The corresponding ( (CO) is determined by the equation (CO) 
= {n/[1 + (CO.)/( (CO)]} = 0.8/56 = 0.0143. 

Fig. 6 thi C) is available for the evaluation of all hydro- 
gen compounds; it indicates (H.O)/m = 0.494 and (HO) = 
0.494 X 3.2 = 1.58. Taking into account these values, 
all other compounds are successively determined using the 
following relation: 


(CO 0.164 X 1.58 

H,) = 0.164 H.O) = - —— = 0.004 
(H) = 1.13 X ~/0.0047 X 55.1 = 0.000575 
(OH) y 55.1 

(H:0) 0.0047 

(OH) 


(OH) = (H.O) 1.58 X 1.89 X 10-2 = 0.0299 


(H:0) 
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CONBUSTION PRODUCTS ENTHALPIES AT ATMOSPHERIC 
PRESSURE OF DIFFERENT HYDROCARBONS 
(Calories / kg) 
4H 
17 MASS 
oN 
it 
2400% Mixture strength 14 
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2200° ” 14 
0,9 
2000°k ” 14 
08 
17 
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Fig. 8 Combustion products enthalpies of different hydrocarbons at atmospheric pressure (calories/kg) 
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These three illustrative examples for different equivalence 
ratios show that it is quite possible to calculate the composi- 
tion of the combustion products with a high accuracy without 
use of complicated electronic or mechanical computers in less 
than fifteen minutes. 


€ Combustion Temperature of Hydrocarbons in 
the Air at Atmospheric Pressure 


The theoretical calculation of combustion temperatures 
has only a means when the experimental data are able to con- 
frm them. But in many cases where the experimental 
determinations are tedious, these calculations representing 
a first approximation are useful for the resolution of industrial 
problems relative to flame radiation, flame speed, etc. 

The speed of flame propagation of hydrocarbons burning 
in air Was measured at atmospheric pressure with sufficient 
accuracy. Some attempts were made to build new theories 
of flame propagation based on the assumption of the diffusion 
of free radical, or on the chain reactions, for the conductivity 
theory was inadequate to explain the particularities of this 
phenomenon. Whatever the theory considered, the tem- 
per:ture of combustion remains one of the most important 
factors. Unfortunately the calculations of temperature and 
gas composition in numerous papers were restricted to one 
particular value of the mixture ratio corresponding to the 
maximum speed of the flame. In some other cases the 
theories were established for one kind of hydrocarbon. It 
sees that the difficulties of calculations have limited the 
fiel! of investigation. 

The purpose of the following section is to give the com- 
bustion temperature of most of the hydrocarbons in air at 
atmospheric pressure, for which the flame propagation speeds 
were measured in a large range of mixture ratios. 


Process of Operation 

As the combustion equation for each hydrocarbon at a given 
mixture strength is given by the C/H ratio, five different 
values of this ratio between 0.25 and 1 (methane C/H = 
0.25; benzene C/H = 1) are sufficient to represent the com- 
bustion products in the air of most hydrocarbons. The pre- 
viously described method was used to calculate the gas com- 
position at temperatures 2000, 2200, and 2400 K for the fol- 
lowing mixture equivalence ratios: 0.6, 0.8, 1, 1.1, 1.2, and 1.4. 

The second step of calculation is the evaluation of the total 
enthalpy of the combustion products; for this, the energy of 
formation at the reference temperature was added to the 
enthalpy of the products. For instance, in the case of meth- 
ane (rich mixture, 1.2), the following results are reported in 
Table 6. 


Table 6 Enthalpy of Combustion Products of Methane | 
at 2400°K and P = 1 atm 


Enthalpy of | 


Number of Snergy of 
Products moles formation components 
CO 0.5352 36.200 9.120 
CO, 0.6348 18.180 
0.0081 0.145 
O 0.0029 0.176 0.030 
H, 0.2784 16.100 4.460 
H 0.0264 2.140 0.275 
H,0 2.1400 48.000 
OH 0.0355 1.585 0.574 
NO 0.0125 0.270 2.217 | 
N2 7.5000 127.200 


210.201 Keal 
266 672 Keal 


56.471 Keal 
Total enthalpy: 


Auxiliary graphs of enthalpy for different mixtures were 
represented versus C/H ratio. Such representation with the 
temperature as second parameter is most valuable. Another 
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chart, the H-t diagram of Le Chatelier, was deduced from the 
preceding one with C/H as parameter (C/H = 0.25, 0.3, 1). 
For lean mixtures it was necessary to establish a set of such 
charts, since the same value of enthalpy can be found for two 
different mixtures with two different C/H ratios. Using 
this auxiliary chart the combustion temperature of a hydro- 
carbon is easily computed when the lower heat of combustion, 
the mixture ratio, and the ratio C/H are known. 

The lower heat of combustion permits the evaluation of 
the available energy which will be employed to bring the 
final products from the reference temperature to the com- 
bustion temperature. For instance, as the lower heat com- 
bustion of benzene is 757 Keal per mole, the chemical energy 
for the mixture corresponding to the combustion equation, 
1.2C,.He + 7.50. + 28.2Nz, will be equal to 1.2 x 757 Keal 
or, reported to the unit of mass, 0.810 Keal/g. 

The intersection of the parallel to the abscissa of ordinate 
0.810 with the curve H = f (T) (Fig. 8) determined by parame- 
ters mixture ratio = 1.2 and ratio C/H = 1, immediately 
gives the required solution. In the range of lean mixtures the 
chemical energy is less than that at stoichiometric mixture. 

In Fig. 9 there are reported the temperatures calculated 
by this method for the different hydrocarbons. It can be 
assumed, taking into account the precision of the thermo- 
dynamic data, that the accuracy on the temperatures values 
isabout +5 K. This figure calls for some remarks. 

1 The highest temperatures are realized with the acety- 
lenic hydrocarbons and the lowest with the isoparaffins. 

2 The combustion temperature difference of homologous 
hydrocarbons of the paraffinic and isoparaffinic series is rather 
small. 

3 The cycloparaffins have higher combustion temperature 
than paraffins with the same number of carbons. 

4 A difference of combustion temperatures of at least 
50 K was found between paraffins and aromatics, olefins, 
and diolefins. 

5 At atmospheric pressure, the maximum temperature is 
obtained with mixtures richer than the stoichiometric one and 
particularly rich for the acetylenic series. 
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Fig. 9 Theoretic combustion temperatures of several hydrocarbons in the air at atmospheric pressure 
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Indicated Instantaneous Temperatures of Liquid Rocket 
Exhausts and Combustion Chambers 


J. H. HETT? and J. B. GILSTEIN? 


New York University, College of Engineering, New York, N. Y. 


A modified two-path method was used to measure indi- 
cated instantaneous temperatures of the exhaust and 
combustion chamber flames of 1500-lb-thrust alcohol- 
oxyzen rockets. Spectral studies of the flames indicated 
divergence from thermal equilibrium in both combustion 
chamber and exhaust. Nevertheless the indicated tem- 
peratures obtained agreed closely in the exhaust flames 
with average temperatures obtained by the method of 
Kurlbaum, but were lower than average temperatures 
obtained by the sodium line reversal method. The 
measured temperatures in the combustion chamber and 
the exhaust were lower than the theoretical temperatures. 


I Exhaust Temperatures 


\ THIS paper a report is made of some instantaneous tem- 

peratures determined at the exhaust and at the combustion 
chamber of a 1500-lb-thrust alcohol-oxygen rocket. This 
work was done at the Malta Test Station of the General Elec- 
tric Company through their co-operation and with the co- 
operation of Army Ordnance. The project was financed by 
Project Squid, Office of Naval Research. Actual observa- 
tions were taken at regular periods from January 1950 to 
August 1951. The work included ‘considerable spectro- 
graphic study of the flames, since it was by no means a priori 
certain that temperature had meaning in the rocket flames, 
where it is well known that the gas is highly turbulent and 
contains pockets of unburned vapors and droplets, reaction 
zones and combustion products of gases. 

The temperature measuring instrument used here averages 
the temperatures along the line of sight through the nonuni- 
form flame. There is as yet no optical method of obtaining 
the temperature solely at a point or in a very small region in 
the flame. 

Instantaneous temperatures have been obtained for other 
type flames by others; for example: R. 8. Craig (1)* used a 
two-color path measuring temperatures of solid propellant 
rocket combustion. 8. J. Jacobs and T. P. Cotter (2) used a 
variation of the two-color method to determine the tempera- 
ture in detonating explosives. In the field of rockets the 
most consistent study of exhaust temperature measure- 
ments, though integrated over many seconds of time, is that 
of H. M. Strong and F. P. Bundy (3) who used the sodium line 
reversal method. Some time after the work on this paper was 
completed, Heidmann and Priem (4) reported temperatures in 
flame tubes using rocket fuels. 


Apparatus Used 
The temperature instrument was the New York University 


Presented at the Eighth Annual Convention of the AMERICAN 
Rocket Society, New York, N. Y., December 1, 1953. 

! This work was undertaken as a co-operative program of 
fundamental research in jet propulsion for the Office of Naval 
Research, Department of the Navy, and the Office of Air Re- 
search, Department of the Air Forces under Contract N6ori-11, 
Task Order II, NR 220-040, Project SQUID. 

2 Research Associates, Research Division. 

’ Numbers in parentheses indicate References at end of paper. 
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instantaneous pyrometer (5) which was mounted in No. 1 
firing pit of the Malta Test Station. The theory of this in- 
strument is as follows: It was shown by A. Schack (6) that 
the radiation in the continuous background of the spectrum 
of a hydrocarbon flame is in thermal equilibrium with the 
gas. If one utilizes for temperature measurement a region 
of this spectrum which is free from line and band structure, 
one can avoid all questions concerning line form and resolu- 
tion, whether the radiation producing the line is actually in 
thermal equilibrium with the gas, and the relation of line in- 
tensity to background intensity. Such considerations led the 
writers to develop the following method of measuring instan- 
taneous temperatures averaged over the line of sight. Light 
which is emitted from the flame is focused by a lens on a photo- 
cell through a filter forming light path 1. The same lens 
focuses a mirror located behind the flame through the same 
filter ona second photocell forming light path 2. In this way, 
by recording the light intensities of both paths, both instan- 
taneous temperatures and emissivities of the flame may be in- 
ferred. Spectral studies of the rocket showed higher energies 
in the blue region and lower energies in the red region than 
Planck’s law would allow. However, by selecting carefully the 
spectral region, we may obtain “indicated temperatures.”” We 
assume for the purpose of analysis that the temperature to be 
measured is defined by Planck’s radiation law and that the 
absorption is given by the usual negative exponential function 
appearing in Equation [1] below. 

In some experiments with pulsejets in which some additional 
light was scattered into the radiation cone observed by the 
radiation pickup, the effect was too small to be measured, and 
hence scattering effects are neglected. For the purpose of 
this paper, polarization and diffusion effects are also neglected. 

If we assume that the various kinds of molecules giving rise 
to the continuous background are in thermal equilibrium 
with the kinetic temperature, then the spectral intensity ob- 
served from a slab of gas, of thickness L extending from « = 
Otoz = L, is, per unit area 


L 
I, = exp | — > kn(v, T(2))- dx] X 
n 


Ta(v, T(2)) ka(v, dz. ..... {1] 


n 


at frequency v, where k,(v, T(x)) = absorption coefficient per 
unit mass where temperature is T(x); pn(x) = density at 
point x at which temperature is T(x); I, = 2hv3/c? (et/*47@ 
— 1) intensity of black body at temperature T(x) according to 
Planck’s relation. 

It will be noted that in the above integral the actual conical 
shape of the observed radiation region is not explicity taken 
into account, but the complete equivalence of this configura- 
tion to the simple cylindrical region assumed here can be 
easily shown. 

If in Equation [1] for all molecules giving rise to the radia- 
tion, the instantaneous temperatures and densities are con- 
sidered approximately uniform throughout the region, then at 
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the frequency under consideration the sum kn(v, T-(x))- 
n 
pn(x) can be replaced by the sum }~ knp, which in turn can be 


denoted by a constant 8. 

If light from path 1 is transmitted through a window of 
transmission coefficient, y, then the resulting intensity as seen 
at the photocell is, after integrating [1], 


= Ipy (1 — [2] 


Under the same circumstances with a mirror at z = L, with 
reflection coefficient R, the intensity observed on viewing the 
second path is 


2L 
+ ff ep (- ff dz 


= + (1 — e~ 8") 


Equations [2] and [3] contain two unknowns, 8 and /z,. 
Solving for Jz, we obtain 


Tp = + — 11”) 


Electronic Circuits 


The electronic circuits used for the exhaust work were es- 
sentially the same as had been used in pulsejet investigation. 
They are described in detail in Reference (5). 

The photocell pickups were 1P21 photomultipliers. A 6C4 
cathode follower matched the impedance of the photocell load 
to that of the coaxial cable running to the d-c amplifier. For 
pulsejet work, a 10k resistor had been used in conjunction 
with the capacity of the cable to provide a low band pass 
filter so that noise components above 6000 cps were elimi- 
nated. 

The rocket exhaust flame was found to be so bright that it 
was possible to operate the photomultipliers at very low volt- 
age settings and thus eliminate the tube noise at its source. 
The 6000-cycle band pass filter was removed. 

The signal was fed into a conventional push-pull d-c ampli- 
fier which had a variable gain ranging from 300 to about 3000. 
The amplifier was usually operated close to its low gain setting. 

For the combustion chamber work a different d-c amplifier 
was used. This one had a variable gain ranging from zero to 
about 1000. The simplicity and stability of this amplifier 
was a considerable improvement over the earlier model. The 
improvement was obtained chiefly by eliminating one stage of 
amplification and using miniature tubes. A twin triode 12AT- 
7 replaced the two 6SJ7s formerly used as the balanced output 
stage. 

For the exhaust work, this instrument was mounted 10 in. 
downstream from the rocket nozzle. The mounting was 
made adjustable so that the optical axis of the instrument, 
which was normal to the exhaust, could be easily moved up or 
downstream and in a vertical plane to observe any chord of 
the exhaust. Observations could not be made within several 
inches of the exhaust orifice because the instrument would 
have restricted the view of the pit operator. Recording equip- 
ment was mounted in the control room of the pit, and vibra- 
tion was not a problem. 

The spectroscopic work was done with a Hilger. spectro- 
graphic camera, focal length 21 in., dispersion 67 A/mm at 
6000 A. This instrument was mounted in an observation cell 
above the first Mach cone. Its field of view was about 12 in. 
adjusted to sight the Mach cone. The slit of the spectro- 
graph was set at right angles to the rocket axis. Tri-X plates 
31/, X 4!/,in. were used. These plates were measured with a 
Marshall densitometer which is an inverse square device utiliz- 
ing a brightness match in the apparent field. 

High-speed motion pictures of the exhaust were taken with 
a Fastax 16-mm camera run at 3600-4800 frames/sec. The 
field of view was about 2 ft, including the first Mach cone. 
The camera was mounted in the overhead observation cell. 
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Exhaust Flame Observations 


The spectrograph showed the exhaust flame to be a strong 
continuum with the NaD line and the 5165 and 4382 (C2) 
band heads superposed. It was decided to try the NYU 
temperature instrument on the assumption that the con- 
tinuum was in thermal equilibrium. The later spectrographic 
reductions showed that the rocket radiation both from the 
exhaust and in the chamber is not truly Planckian and hence 
the temperatures recorded should be considered as merely 
indicated temperatures. 

The temperature instrument was originally set to sight 
through the first Mach cone, and later in the investigation was 
set to sight through the flame 2 in. in front of the leading tip of 
the Mach cone. Farrand interference filters of 150 A, or less 
half width, centered at 5720 A were originally used. This 
region of the spectrum appeared on the plates to be a con- 
tinuum free of irregularities. Reduction of the temperature 
records showed an apparent temperature through the first 
Mach cone in the neighborhood of 1650 K, later reduced to an 
indicated true temperature of 1900 K. A more precise de- 
termination by Kurlbaum’s method (described later in this 
paper) showed the emissivity to be about 0.15 at 5310 A. 

Several rocket runs gave consistent readings in the tem- 
perature range of 1900 K. These results were lower than had 
been expected and lower than the temperatures measured by 
Bundy and Strong using a line reversal method. It was ac- 
cordingly decided to take measurements in different spectral 
intervals. Red and blue-green filters centered at 6100 :nd 
4830 A, respectively, were used. These regions were also a 
substantially clear continuum. A group of readings with the 
red filter gave an average apparent temperature of 1600 K 
with the instrument sighted through the Mach cone. Read- 
ings taken with the blue-green filter under the same conditions 
gave an average temperature of 1850 K for the Mach cone. 

In view of this dependence of measured temperature on 
wave length, it was decided to study further the character of 
the rocket radiation to determine particularly what deviations 
from the Planckian curve might be expected. When this 
was done, as reported later, it was found that the blue-green 
region had a higher emissivity than the red region. 

A typical pair of radiation traces for a G-E 1500-lb rocket is 
given in Fig. 1. Irregularities shown had a high frequency 
and smallamplitude. High-speed motion pictures were taken 
of the Mach cone which showed that the cone actually pre- 
sents a very streaky appearance due to turbulence and stream- 
ers of cooler gas passing through it. It is possible that these 
streamers account for the small irregularities in some of the 
radiation traces recorded. Fig. 2 shows the face of the oscillo- 
scope with calibration marks. Fig. 3 shows a rocket being 
run at reduced pressure just before shutdown and conse- 
quently “beating.” Frequency of oscillation is 206 per sec. 
The temperature variation is approximately 150 K. 


Time ———> 


Fig. 1 GE run no. 2131 M1 4830 A filter. Temperature oscil- 
lations 50 K peak to peak 
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Table 1 Summary of exhaust temperature observations 


Combustion 
Date Fuel oxidizer chamber 
Run no. (1950) mixture ratio pressure, psig Filter, A 
2081 M1 3/28 1.39 380 6100 
1:25 p.m. 
2084 M1 3/29 1.52 369 6100 
10:20 a.m. 
2085 M1 1.35 373 6100 
10:45 a.m. 
2091 M1 3/31 1.36 368 6100 
11:00 a.m. 
2092 M1 3/31 1.34 368 6100 
11:30 a.m. 
21299M1 4/20 . 1.26 452 4830 
10:55 a.m. 
2131 M1 4/20 1.75 448 4830 
2:00 p.m. 


The summary of indicated temperature observations using 
an emissivity of 0.15 determined by the Kurlbaum method is 
given in Table 1. Since the results given in Table 1 show a 
dependence on the spectral region observed, it was essential 
to study further the spectral energy distribution of the rocket. 
Further, Bundy and Strong observing a similar rocket, de- 
termined by the sodium line reversal method an integrated 
temperature along the line of sight through the first Mach cone 
of 2360 K, where we show temperatures of about 2130 K. It 
was hoped that the study of the spectra would resolve this 
difference; but since the spectra turned out to be largely non- 
Planckian, no strict determination could be made. 


Spectrographic Data 


Spectroscopic plates were initially taken of the exhaust to 
determine the position of line and band structures so that the 
filters chosen would pass only the continuous background. 
As the work developed, it became increasingly important to 
study the equilibrium characteristics of the background 
radiation. These plates, though originally taken for qualita- 
tive observation, were reduced to determine the spectral en- 
ergy distribution. Though the development process had not 
been rigidly controlled. subsequent sensitometric investiga- 


ZERO POSITIONS 


FULL DEFLECTION 
FOR GHANNEL- | 


Fig. 2. Typical calibration record, showing the deflection of one 
of the cathode-ray spots due to various amperage settings of the 
strip calibration lamp. In operation, each channel is calibrated 
inturn. This figure shows the deflection and hum level for six 
different amperage settings for channel no. 1. The spots deflect 
toward the center of the cathode-ray tube face for increasing 
light signal. The face of the tube is photographed by the dif- 
fused light from the cathode-ray spots when the film in the 
recording camera is halted during a change in amperage setting 
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Just inside Mach 40 
Just inside Mach 40 


Film 
speed, Indicated 
Location in./see T° Remarks 
Inside Mach cone 40 Max.—1953 K Poor record 
2 in. ahead of tip 40 Max.—1655 K Zero, drifted 
of Mach cone Min.—1595 K Good record 
2 in. ahead of tip 30 Max.— 
of Mach cone Min.—1575 K Poor record 
Tip of Mach cone 40 Max.—1687 K Poor record 
Min. —1662 K 
Tip of Mach cone 40 Max.—1720 K Good record 


Min.—1630 K 
Max.—2121 K 
cone Min.—1969 K 
Max.— 2146 K 
Min —2098 Ix 


Good record 


Good record 
cone 


tions showed negligible error due to processing. Though ten 
spectra were taken of the rocket exhaust, the runs were often 
so short in duration that sufficiently dense spectra for quanti- 
tative analysis were achieved on only six plates. Typical 
spectrographs of the rocket exhaust are shown in Figs. 4, 5, 
and 6. The rocket exhaust plates were reduced by the follow- 
ing method: (The plates of the combustion chamber flame 
taken in Phase 2 of the studies were reduced by a different 
technique, discussed in section IT). 

1 Film characteristic curves were obtained for different 
developers and different exposure times. As long as the den- 
sities were low, which was true for all the exhaust spectra, 
these variables were negligible. 

2 The emulsion was exposed to a gray scale using white 
light as a control and then successively exposed with the red, 
yellow, and blue interference filters over the light source. 
The exposure time for each filter was adjusted so that all the 
gray scales had equal densities at their densest step. This 
enabled one to make a correction for difference in contrast for 
the various colors. 

3 A color sensitivity curve for the emulsion was obtained 
from a wedge spectrogram supplied by Eastman Kodak. 
This gave the response of the emulsion to a spectrum of a 
tungsten source at a known temperature. It was necessary 
to correct this wedge spectrogram for the wave-length de- 
pendence of the emissivity of the tungsten lamp at selected 
temperatures. 

4 After the appropriate corrections were made for color 
sensitivity, the next step was to correct for the nonlinear 
dispersion of the spectrograph. 


Fig. 3 North American Rocket radiation traces. Rocket is 
being run at reduced pressure, just before shutdown. Fre- 
quency of oscillation is 206 cps GE run 2023 M1 
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Fig. 4 Fig. 5 Fig. 6 


Fig.4 The spectrum of the first Mach cone. Ethyl alcohol and 
oxygen. GE run 2068 M1. Exp. 20.5 sec. Tri-X Pan. The 
enhanced density to violet of NaD line is largely a plate charac- 
teristic. This spectrogram is characteristic of most runs 
Fig.5 The spectrum of the first Mach cone. Ethyl alcohol and 
oxygen. GErun 2076 M1. Tri-X Pan. This spectrum clearly 
shows the C, band heads and many of the component lines 
Fig.6 The spectrum of the first Mach cone. Ethyl alcohol and 
oxygen plus tetraethyl lead (20 cc/gal). GE run 2063 Ml. 
Exposure 2.5 sec. Tri-X Pan. This spectrum also shows the 
C. lines and in addition some lines probably due to lead oxide. 
The line at 4058 is due to atomic lead 


] | 
Tungsten emissivity is 0.15 
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2076 (MI) Rocket (950° K) 
2069 (MI) Rocket (I560°K) 
9 2067 (MI) Rocket (1460°K) 
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Fig. 7 Plots of logiy J, the energy from Planck’s radiation law 
versus wave length, for tungsten strip lamps as observed through 
NYU spectroscope. Tungsten curves are plotted for over-all 
emissivity of 0.15 and arbitrarily adjusted in ordinate at 6200 A. 
The true scattering and absorption of the tungsten curves are 
unknown. Three rocket curves are plotted into this field by 
matching of rocket slopes in the central spectral region. Thus, 
temperatures are determined for the rockets giving some check 
on Table 1. Run no. 2076 just downstream from tip of first Mach 
cone. Run no. 2069 just downstream from tip of first Mach cone. 
Run no. 2067: Region includes downstream half of first Mach 
lw cone and some of the interspace to second Mach cone 


As a check on the above methods and as a means of deter- 
mining the instrumental errors, chiefly absorption and scatter. 
ing effects, these techniques were applied to spectrograms of 
the tungsten strip calibration lamp, taken in the laboratory, 
The solid lines in Fig. 7 show the shape of the observed energy 
curves of the strip lamp for various temperatures reduced to an 
over-all emissivity of 0.15, and arbitrarily adjusted to true 
gray-body curves at 6200 A. These curves then contain all 
the instrumental errors. As the temperatures of the tungsten 
curves drop, their slopes in the violet become steeper than the 
Planckian curves. This is probably due to errors of measur. 
ing at the foot of the H and D curves. However, no final 
error is introduced into the temperatures since the rocket 
curves were reduced consistently. Also, all the rocket curves 
show some flattening above 5650 A. 


Reduction of Rocket Spectra 


Three of the six good spectrograms of the rocket exh:.ust 
were reduced by the above-outlined 4-step method. Since 
the density of spectrograms is a function of spectroscope slit 
width, time of exposure, and emissivity of flame, it is not jos- 
sible to compare spectra directly against each other. Thius, 
for any one spectrum, the reduced intensities were plotted 
against wave length starting with some arbitrary ordinate at 
6200 A. These curves were then moved in ordinate over the 
corrected strip lamp curves of Fig. 7 and the rocket tempera- 
ture derived by matching the slope of the rocket curve with 
the strip lamp curves. 

Fig. 7 shows the plot of three rocket runs superposed on the 
background of the tungsten curves. If the rocket curves 
were pure Planckian, they would be expected to fall along sets 
of curves similar to the tungsten curves, since the slopes of the 
tungsten curves have already been corrected for instrumental 
errors. The rocket curves have been plotted in Fig. 7 without 
correcting for the emissivity of the rocket. Since, however, 
we have evidence from Kurlbaum’s method that the rocket 
emissivity is 0.15, and since the tungsten curves are plotted 
for emissivity 0.15, the positions of the rocket curves yield 
true “indicated temperatures.” 

Fig. 7 also shows clearly that the rocket spectra are more in- 
tense than gray-body radiation below 4800 A and less intense 
above 5650 A. 

It is indicated in Table | that the measurements taken with 
the temperature instrument showed a wave-length depen- 
dence. Measurements made with the blue 4830 A filter gave 
temperature readings consistently higher than those obtained 
from the same sort of flames using longer wave-length filters, 
such as the 6100 A filter. 


Temperature and Emissivity from Kurlbaum’s Method 


To obtain an independent check on the average temperature 
and emissivity the following method, originally devised by 
Kurlbaum, was used. The optical sighting system of one 
channel of the NYU apparatus was sighted through the 
flame to an effective black body, the strip lamp, whose tem- 
perature could be varied. 

If the flame is a gray-body emitter, the strip lamp bright- 
ness may be adjusted until the brightness of the strip seen 
through the flame is the same as when sightd upon directly. 
Under this condition, the temperature of the lamp is the same 
as that of the flame. This is evident from the following 
equation: 


Radiation from = Radiation + Radiation from black- 

black-body source from flame body source partially 

absorbed by flame 

where 

T, = true temperature of black body 

7, = true temperature of flame 

k = emissivity of flame = (1 — eal) 

a = absorption coefficient of flame 

L = thickness of flame 
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Fig. 8 Brightness match between lamp and flame plus lamp at 
1900 K 


FLAME ALONE 


LAMP FLAME Lame cuTorr 


Fig. 9 The ratio of the two signal strengths determined from 


the above record gives the emissivity of the flame for the spectral 
interval used 


Two runs, nos. 2315 and 2318, were taken on December 13 
and 14, 1950, using aleohol-oxygen. Both were taken about 
2inches downstream from tip of Mach cone. 

A filter 150 A wide was used, centered at 5310 A. 

Fig. 8 shows how the lamp brightness matches the lamp 
plus flame. The indicated average temperature was found to 
be 1900 K + 50°. 

Fig. 9 shows a record used to determine the emissivity. 
The left part of the curve is the signal from flame plus strip 
lamp, and is a deflection equivalent to 10.6 amp through the 
lamp, or 1900K. The deflection produced by the flame alone 
is equivalent to a signal from a strip lamp setting of 9.0 
amp, or 1675 K. From the equation 


(e2/AT app.) = fre, (2/AT true) 


solving for emissivity k 


1.433 ) 
5300 A\1900 1675 
= 
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II Measurement of Indicated Instantaneous 
Temperatures in a Liquid Fuel Rocket Combus- 
tion Chamber 


This part of the report covers indicated temperatures of 
the rocket combustion chamber using the same temperature 
measuring instrument as indicated in section I. Work was 
also done at the Malta Test Station of the General Electric 
Company. A3-in.-diam 1500-lb-thrust aleohol-oxygen rocket 
was used for these tests. 


Window Design 


The windows were mounted diametrically opposed on a 3- 
in.-diam G-E rocket motor combustion chamber as shown in 
Fig. 10. The rocket with the windows was given an initial 
10-see test run on March 10, 1951. The rocket ran success- 
fully and the windows were found to be in excellent condition 
at the end of the run. The rocket has been run some 38 times 


with runs up to 20 seconds in duration. 


Fig. 11 shows top, bottom, and exploded view of a window 
assembly. The window is made of fused quartz polished 
flat to four bands across the face. The O-rings are silicon 
rubber; the metal parts are stainless steel except for two brass 
washers shown one on each side of the quartz cylinder at the 
right-hand side of Fig. 11. The washers serve to position the 
quartz cylinder (see Fig. 12) and provide a means for flowing 
nitrogen at high pressure from behind the cylinder down along 
the side and through radial holes to the under surface. Fig. 
12 shows that the lower face of the quartz cylinder stands off 
about 1/2 in. from the combustion chamber. The flow of ni- 


trogen gas over and around the quartz and exhausting into 
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Fig. 10 General Electric 3-in. alcohol-oxygen water-cooled 
rocket with window bosses 
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Fig. 11 In conjunction with assembly sketch Fig. 12 shows the 
structure of the windows. All seals made with O-rings. De- 
signed for nitrogen flow at pressures of 500 psi 


Fig. 12. Shows details of window construction. 
for thermal movement between inner and outer shells. 
11 and 12 are welded to rocket body 


Design allows 
Parts 


the combustion chamber cools the quartz and shields it from 
the combustion gases. The quartz surface on the flame side 
usually has a light deposit after a run. 

The rocket wall where these windows were installed consists 
of two concentric shells between which cooling water flows in 
a helical path. It is important that there be no impedance to 
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the water flow and, secondly, that provision be made for a 
thermal expansion between inner and outer walls. Fig. 12 
shows that effectively the width of the water jacket is in- 
creased at the window to compensate for loss in cross-section 
area of the helices due to the introduction of the inner tube. 
The water flows through two parallel helices between the 
shells. The inner tube is positioned so that it cuts half into 
one helix and half into the adjacent helix. It is important 
that there be no sharp corners. The weld was built up to 
form a slight fairing where the inner tube is joined to the inner 
shell, so as to avoid cavitation. A heavy threaded ring is 
welded to the outer shell (Fig. 12) concentric with the inner 
tube and surface ground flat with the inner tube. The win- 
dow is fastened to the threaded ring and is in contact with 
the inner tube by means of O-ring no. 8. There is enough 
clearance between the lower washer and inner walls of the 
tube so that there may be relative motion between them. 


Spectra 

The experience gained in measuring exhaust temperatures 
showed the necessity of a careful study of the spectra. The 
temperature measuring apparatus, as normally used, isolates a 
region of continuous background approximately 150 A wide. 
It is essential to know whether this region is free of line and 
band structure and whether the radiation is gray body follow- 
ing Planck’s relation. 

A new spectrograph was built for this combustion chamber 
work using a 60-deg extra dense flint prism and a Voigtlander 
F/7.2 22-in. lens, stopped down. The dispersion of this in- 
strument is 45 A/mm at 5000 A. Eastman 4-in. X 5-in. 
infrared sensitive, type I-N emulsion plates were used. The 
apparatus was bolted in position in the firing chamber and 
used both with a normal 3-in. window rocket and with the G-E 
slit rocket. 

Thirteen spectra were obtained, but not all of these were 
usable. The fifth plate was only a 1!/2-see exposure because 
the rocket was shut down. There is no sodium D line in this 
exposure and no structure of any sort in the spectrum. This 
plate and the following one were reticulated in the developing 
process. The sixth plate does show the presence of the D line. 

Plates seven and eight are fairly good. Plate eleven is a 
very light spectrogram. The remaining two plates taken of 
the G-E slit rocket are very dense and show structure in the 
infrared. 

Reduction of Rocket Spectra 

Although, for our purposes, it is sufficient to determine a 
wave-length interval in which the rocket flame is a gray-body 
emitter, it is more informative to plot the flame continuum 
over the visible region against a background of theoretical 
black-body curves. This plot then shows how well the flame 
approximates a theoretical gray body, indicates the region 
and amount of deviation, and indicates the approximate tem- 
perature of the flame if its emissivity is known. 

The reduction technique for the spectral plates is as follows: 
The spectrograph is set for minimum deviation in the yellow- 
green region. With a specific slit width it was found that a 
3-sec exposure gave a spectrum of the rocket flame ranging in 
density within the region 0.5 to 2.5. It was decided that all 
spectra would be taken in 3-sec exposures, although it was 
not possible in practice to adhere strictly to this. The helium 
spectra was photographed adjacent to the flame spectrum. 
Twelve prominent helium lines in the visible region furnish the 
wave-length scale. In the laboratory the spectrum of the 
calibrated tungsten strip lamp was taken through a step den- 
sity wedge. The exposure time was 3 sec and the spectrum 
plate was from the same box as those used to observe the 
rocket. The tungsten was of such a brightness that its spec- 
trum gave approximately the same density range as the 
rocket. The plates of the rocket spectra and the calibration 
spectra are given the same processing. Also adjacent to the 
tungsten spectrum isa helium spectrum. The densities of the 
steps on the step wedge were read with a densitometer and 
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transmissivities of the steps computed from the relation 
density = —log transmission 


The radiation of energy from the strip lamp is computed asa 
function of wave length for the specific temperature used in 
making the calibration spectrum. 

The product of the radiancy of the strip lamp at each waye 
length and the transmissivity of the step wedge is a number 
proportional to the energy that falls upon the slit of the spec. 
trograph. The geometry of the system is such that the spee- 
trum of the strip lamp appears to be composed of seven steps. 
Thus, at each wave length, seven density readings are ob- 
tained corresponding to the seven steps of the density wedge. 
The densities as read are functions of emulsion sensitivity, 
contrast range, dispersion of the prism, selective absorption in 
the instrument elements, slit width, and many other less im- 
portant factors. These factors are identical in effect for 
rocket exposures and the comparison calibrated exposures, 
Thus it is possible to read the densities at each wave length 
and plot these densities versus the computed incident energies; 
actually, of course, numbers in proportion to the energies. 
The plate is reduced by reading its densities versus wave 
length with a densitometer. Then from the calibration curves 
that look like Fig. 13, one reads off the ‘‘energies” correspond- 
ing to the densities. These energies are in arbitrary units, 
i.e., they are really numbers in proportion to the energies. 

As a check of the system, we have reduced the tungsten 
plate with a lamp set at 2475 K. This is shown in Fig. 14. 

Using this technique we have made a careful study of rocket 
run no. 2402. This is plotted in Fig. 15. This spectrum 
(Fig. 15a) was measured by Mrs. E. L. Miller, by J. B. Gil- 
stein, and by J. H. Hett. The points shown are the weighted 
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Fig. 13. Plot of density versus incident energy through the 
spectrograph for type I-N emulsion as a function of wave length. 
The energies are computed from a knowledge of the temperature 
of the calibration strip lamp, its spectral emissivity at each wave 
length, the transmission of each step of the Eastman no. 2 step 
wedge and the dispersion of the spectrograph prism as a function 
wave length. The energy scale is shown in arbitrary units. 
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Table 2 Rocket spectra Eastman type I-N plates 


General Electric Exposure, 
run no. sec 
1 2389M1 20 
flections in spectrograph 
2 2390M1 30 
flections in spectrograph 
3 2391M1 30 Badly fogged; overexposed 
4 2392M1 5 Spoiled in development process 
5 2393M1 2 Spoiled; reticulated 
f, 2394M1 5 Spoiled; reticulated 
7 2402M1 5 Good 
Ss 2403M1 5 Good 
9 2405M1 5 Dense 
10 2406M1 6 Light 
11 2407M1 3 Very light 
12 Nozzle end of slit rocket 3 Extremely dense 
13. Head end of slit rocket 3 Extremely dense 


one- for all three observers. The spectrum which is typical 
shows an anomalous peak at approximately 4700 A. Also, the 
slope from 5000 to 6200 A differs considerably from that of a 
true Planckian curve. The spectral regions actually used for 
the temperature apparatus are 150 A wide centered at 4930 
and at 5310 A. 

In view of the departure of the observed spectra from gray- 
body radiation, one cannot speak strictly of temperatures. 
Thus in this paper we refer merely to “indicated tempera- 
tures.’ The spectra also show the necessity for further spec- 
tral work on rocket combustion chambers at different points 
along the rocket axis. 


Indicated Temperature Measurements 


The initial runs with the temperature instrument (5) 
showed that modification of the circuits would be necessary 
to reduce the gain. Because the deposits on the windows were 
different one run from the next, it was necessary to adjust the 
gain during the run. 

From July 9 to July 19, 1951, temperature records were 
taken of combustion chamber flames. 

From August 7 to August 9, 1951, attempts were made to 
use the Kurlbaum method of checking the average tempera- 
ture and emissivity of the combustion chamber flame. The in- 
dicated temperature wasapproximately 2700 K, but the proba- 
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Fig. 14 Observed spectral curve of tungsten strip lamp set at 
2475 K as a check upon entire reduction process 
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Badly fogged; secondary images due to internal re- 


Badly fogged; secondary images due to internal re- 


Evaluation 
NaD lines resolved 


NaD lines resolved 


NaD lines absent 

NaD lines plus others 

NaD lines present 

NaD lines present 

Shows line and band structure 
Shows line and band structure 
Shows line and band structure 
Shows line and band structure 
Shows line and band structure 
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Fig. 15 Radiation from rocket no. 2402 plotted in a Planckian 
field. Position of the curve in ordinate is arbitrary 
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Fig. 15a Spectra of rocket run no. 2402. This run was reduced 
and is plotted in Fig. 15 


NA 


Fig. 15b Spectra of rocket run no. 2405. The original negative 
shows additional band structure not reproducible here 
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Table 3 Summary of indicated temperature observations 


No. 2523 No. 2524 e No. 2525 
July 12, 1951 July 12, 1951 July 13, 1951 
Filter, 5310 A Filter, 5310 A Filter, 5310 A 
Film speed, 30 in./sec. Film speed, 40 in./sec. Film speed, 53 in./sec. 


Pressure on window 

Nitrogen, 500 psi 

Window _ transmission, 
427% | 

Emissivity, 0.47 


Pressure on window 

Nitrogen, 400 psi 

Window _ transmission, 
427% 

Emissivity, 0.47 


Pressure on window 
Nitrogen, 400 psi 
Window _ transmission, 


50% 
Emissivity, 0.47 


No. 2526 
July 13, 1951 
Filter, 4920° 
Film speed, 40 in./sec. 
Pressure on window 
Nitrogen, 500 psi 
Window 
71% 

Emissivity, 0.47 


transmission, 


No. 2527 
July 13, 1951 

Filter, 4920° 
Film speed, 40 in./sec 
Pressure on window 
Nitrogen, 500 psi 
Window transmission, 

71% 
Mirror reflection coeffi- 

cient, 88% 


Average pts. Emissivity 
° 


ble error is undetermined. We believe this error to be high, 
due to the observational difficulties because of the high absorp- 
tivity of the flame. In view of this difficulty no attempt was 
made to determine emissivities by this method. The authors 
have observed optical absorptions of over 90 per cent in a 
quartz-walled rocket under certain conditions of running 

Table 3 gives a summary of the temperature observations 
In only one of the five runs was it possible to obtain a satis- 
factory reading with the mirror channel. In this run no. 
2527 the corresponding emissivities were determined. The 
average emissivity was found to be 0.47. On the other four 
runs the mirror channel gave approximately the same values 
as the black-body channel. All rocket runs were at approxi- 
mately 300-psi chamber pressure with 3-in.-diam rockets using 
like-on-like injectors. Alcohol and oxygen were used through- 
out. 

Also the Kurlbaum method, as previously noted, was found 
to be very insensitive; the differences between lamp plus 
flame and flame alone could be entirely accounted for by ob- 
servational errors. 

These difficulties with the Kurlbaum method and the mirror 
channel delayed publication of this paper for many months. 
The problem was resolved by studying the absorption in a 
G-E model rocket at the NYU Jet and Flame Laboratory. 
The combustion chamber of this rocket model is approxi- 
mately 10 in. long by 1 in. high by '/:in. thick, bound by two 
walls of quartz each 1 in. thick. By placing a calibrated strip 
lamp in back of this rocket, it was found that the optical ab- 
sorption coefficient may be over 90 per cent in cases where 
some liquid spray may be in the field of view. Also some 


correlation was found between high absorption and rough 
burning. 

It is thus our opinion that the observed radiation in some 
runs is largely from the outer regions of the combustion 
chamber and that the mirror channel of the flame pyrometer 


Fig. 16 Dual temperature trace of run no. 2523 which was 
unstable. Large amplitude trace is single channel ; small trace is 
mirror channel 
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°K °K °K K 
High pt. 2782 Low pt. 2775 Med. high pt. 2641 Low pt. 2714 2708 = 0.31 
Low typical 2700 High pt. 2845 Average pt. 2601 Average pt. 2757 2707 = 0.50 
Average pt. 2735 Average pt. 2827 Med. high pt. 2650 Average pt. 2776 2666 = 0.56 
Screaming max. 2759 Average pt. 2832 Low pt. 2567 High pt. 2788 2673 = 0.40 
Screaming max. 2753 Average pt. 2824 High pt. 2800 2700 = 0.58 


may thus be expected to duplicate the black-body channel. 
This apparently was the case for runs 25238, 2524, 2525, 
2526. In computing the temperatures for these runs, an 
average emissivity of 0.47, as determined from no. 2527, was 
used. Fig. 16 shows a typical dual trace temperature as re- 
corded on a dual beam tube. Timing marks are !/j29 sec. 


Method of Temperature Reduction 


Immediately following the rocket recording, two calibrations 
of each of the two channels were made on the same film. First, 
each channel was calibrated using the strip lamp as the light 
source, with both combustion chamber windows in pls:ce. 
Second, the calibrations were repeated, this time with the 
rocket window on the side toward the strip lamp removed. 
Experience showed that the two rocket windows nearly al- 
ways were dirtied to the same degree. Thus it was necessary 
merely to measure the transmission coefficient of a single 
window. 

The technique of measuring the transmission coefficient 
(y) was as follows. The two calibration curves of lamp tem- 
perature versus deflection on film for the single channel were 
used. Since equal deflection on the film means equal flux into 
the receiver, several pairs of corresponding lamp tempera- 
tures for equal deflection with and without the window were 
taken. Then the average of the values obtained by solution 
of the following equation was used. 


where 
Tw = the apparent black-body temperature through the win- 
dow 
7) = the apparent black-body temperature without window 
= 1.433 em °K 
\ = wave length of filter used (0.531 for example) 


Fig. 17 Pressure and radiation record taken halfway from 

injector to nozzle. Interval between timing marks '/¢ sec. 

Average pressure 300 + 15 psi. Peak-to-peak amplitude 40 

psi. Major frequency of oscillation 1320 cps. This portion of 

the record occurred about 1'/, sec after the start before the fuel 
pressure had reached a maximum 
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GAS DYNAMICS PAPERS INVITED 


Abstracts are still being invited for the ARS-Northwestern 
University Gas Dynamics Symposium at Evanston, IIL., 
sprays, ignition, and laminar flame propagation should be sent, before April 15, to: Gas Dynamics Symposium, 
Dept. Mechanical Engineering, Northwestern Technological Institute. Evanston, Ill., U.S.A. 


August 22-24. Papers on combustion instability, 


For the temperature determination the corresponding 
deflection points on each channel are measured to give for the 
mirror channel apparent temperature 7” and, for the single 
channel, apparent temperature 7’. The intensity equation 
for two channels for this instrument has been given by Hett 
and Gilstein (5) as 
Ry? + — 11" 

R is the reflection coefficient of the mirror, determined in 
the laboratory, and y the window transmission coefficient. 
I, vefers to the single channel, the J,” to the mirror channel. 
This intensity equation is transformed to a temperature form 
using Wiens relation thus 
— 


Ip = 


Ry 


to 
= | Ry — In (Ry? + 1) 
aT’ . xT” 


which is solved for 7’. 

faving determined the temperature, the emissivity e can be 
readily determined from the intensity relation e = /,'/y/ x. 

Several simultaneous pressure and radiation records were 
also obtained using the NYU pressure gage. Both pressure 
gave and optical line of sight were at the same distance from 
the injector. Fig. 17 shows a typical pressure and radiation 
combination. Interval timing marks are '/ sec. Average 
pressure 300 psi, ——_ amplitude 40 psi. Major 


frequency of pressure and flame oscillation 1320 cps. We 
noted, and several observers have since confirmed, a close cor- 
respondence between flame and pressure maxima. 
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NIAFRAX silicon-nitride-bonded 
silicon carbide nozzles and liners 
offer a practical way to combat severe 
conditions in uncooled rocket 
motors. They stand up to the 
extreme temperatures, heat shock 
and erosion for the full burning time. 
NIAFRAX parts in many Cases are 
suitable for repeated firings. We can 
produce them in intricate shapes 
and to close tolerances. 
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Jet Mufflers 


N TESTING and operating today’s high-thrust jet engines 
in the test stand or in a preflight aircraft checkout, the 
problem of noise control is of considerable importance. The 
noise level of a jet engine may be about 130 decibels at a dis- 
tance of 300 ft, in comparison to 100 decibels for a 2500-hp 
piston engine or the 55 decibels of an automobile engine. Two 
methods of decreasing the noise are: (1) increasing the dis- 
tance between the engine and the ear, and (2) using deflectors 
or mufflers. Acoustical shielding such as a simple blast wall 
can reduce the noise level by 25 decibels but may cost as much 
as $60,000. Several methods of shielding are of interest. 
North American has employed a sound abatement chamber 
at its flight line checkout of its F-100 Super Sabres. The tail 
pipe of the supersonic flighter juts through an opening in the 
silencer unit where it is fitted with a nearly soundproof as- 
bestos collar. The silencer chamber has double steel walls 
and is filled with sand 3 ft thick. A water-cooled muffler is 
also used, which delivers water at a rate of 480 gpm sprayed 
into a 45-ft pipe. 
In ground run-ups of its F-89D Scorpion, Northrop has 


Norti rop 
Unmuffled sound at 100 ft (top) same as muffled sound at 15 ft 


used the soundproof door technique. Costing over $50,000 (bottom) 
each, the enclosures are placed around the aircraft. The e 
doors are made of steel covered by sound-deadening padding } bd 


and enable personnel to work at more comfortable sound 
levels. 

Ryan has recently spent $50,000 just to muffle one of its 
new jet engine test cells. The Ryan cell is a monolithic con- 
crete vault with openings for air inlet and jet exhaust. Since 
the massive 2-ft thick walls conduct very little sound, atten- 
tion was directed at the openings. The Industrial Sound 
Control Corp., of Hartford, Conn., supplied units to trap and 
absorb the various types of sound emanations. Each unit is a 
perforated metal structure of sinusoidal configuration. These 
_are filled with layers of glass fiber material held in place with 
steel wire mesh. The units are installed in overlapping laby- 
rinths. In this installation, the sound intensity was reduced 
from 150 decibels to about 75 decibels in most frequency 
ranges. The acoustical intensity was thus reduced to about 
1/199 of its unmuffled value. F-100 silencing chamber 


North American 


Ryan Ryan 
Soundproof labyrinth for exhaust chamber Muffler-equipped test cell 


Eprror’s Nore: The information reported in this Section has been selected from approved news releases originating with the Depart- 
ment of Defense, private manufacturers, universities, etc., and from published news accounts in journals and newspapers. The reports 
are considered generally reliable, although no attempt has been made to verify them in detail. 
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Rockets and Guided Missiles 


HE Aerobee attained an altitude of 100 miles in a recent 

test at White Sands, and the data obtained will be used to 
construct the new Aerobee-Hi. The new rocket incorporates 
stainless steel construction and employs a chemical gas 
generator to pressurize propellants. Total weight will be 
about 1100 lb, less payload. Predicted altitude capabilities 
for the planned vehicle of 120, 150, and 180-lb. payload ca- 
pacity are 202, 184, and 168 miles, respectively. Testing is 
scheduled for May. 

Lt. Col. John P. Stapp attained a speed of 632 mph on a 
rocket powered sled at Holloman AFB, New Mexico. The 
sled, driven by 9 RATO bottles of 4500-lb thrust each, was 
accelerated to top speed in 5 sec and 2800 ft of distance. 
After burnout, the sled coasted less than 1/, sec and then 
braking—equal to 35 G—was accomplished in little over 1 
sec. The only effects suffered by the officer were blood 
blisters from flying dust particles and two black eyes en- 
countered during the sudden deceleration. 

Nike is in for additional improvements in a program 
launched by Bell and Aerojet. A more powerful rocket 
motor to improve range and frangible booster casings are 
said to be in development. Meanwhile, ‘in an answer to 
claims that Nike can knock down only outmoded aircraft, 
an official Army spokesman has stated that the present Nike 
ean hit jet aircraft. 

Sidewinder missile, developed by Philco for the Navy, is 
a new air-to-air rocket which is pod-mounted in jet aircraft 
wingtips. 

Honest John rocket is going to replace some conventional 
cannon field artillery batteries, according to the Army. 

A new liquid propellant rocket, AR III, was recently 
shown in the Salone delle Teenica, Torino, Italy. Further 
details of the supersonic rocket, said to operate on a new 
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The APPLIED PHYSICS LABORA- 
TORY OF THE JOHNS HOPKINS 
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opportunity for professional ad- 
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Laboratory with a reputation for 
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WIND TUNNEL TESTS AND 
DATA ANALYSIS 
RAMJET DESIGN AND ANALYSIS 
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CALLING CARD FOR 
A BRILLIANT FUTURE... 


Bendix Missile Section is a major contractor in the U.S. Navy’s guided 
missile program --a part of the “new look” in our defense plan. Our 
expanding program has many opportunities for senior engineering 
personnel: Electronics Engineers, Dynamicists, Servo- Analysts, Stress 
Analysts, Project Coordinators, and Designers. Take time now to look 
into the opportunities which Bendix can offer you. Write Employment 
Dept. M, 401 Bendix Drive, South Bend, Indiana. 


principle, were not given. Designer is Dr. A. C. Robotti, 
ARS member. 

Details have been released on the Matador zero length 
launcher. Essentially a 39-ft tandem axle semitrailer of 


35,000 lb empty weight (photo), the launcher is used in con- 


junction with a 38-ft, 15,000-lb transport semitrailer and 
contains a motor generator, blower, hydraulic pump, and wing 
rack. The mobile equipment also includes a 5-ton tractor 


truck and a 20-ton truck crane. The missile is mounted on a 
3-point suspension system. Two balls and socket support 
the front end of the missile and point the B-61 at a 15-deg 
angle. Rear support is a bolt which is sheared at take-off. 
A typical launching begins by bringing the Matador jet 
engine up to full thrust and then igniting the RATO bottle, 
thus shearing the rear retaining bolt. At this point, the front 
supports swing forward and drop away from the missile which 
allows clearance for the booster motor. Launching can be 
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made from any hard-packed earth surface, although concrete, 
macadam, or planking are normally prepared as a pad. 
Recent tests have shown the feasibility of launching jet 


caliber) or the RS-132 (5.2 in caliber), both using double. 
base solid propellants. 
Very little data are available concerning Soviet rocket 


aircraft by using this technique. artillery. Standard models are probably based on the old 
Katysusha or the improved RS-132. A new artillery de. J Seve 
Soviet Missile Progress velopment is the report of a long-range (over 50 miles) — Acti‘ 
ground-to-ground, single-stage, ballistic missile employing § Beco 
OLLATION of scattered news items seems to indicate that a solid propellant power plant which develops about 500,000 Corp 
the USSR is rapidly building up its missile hardware pro- lb sec impulse. Meanwhile, there are persistant reports 0: an I 
gram. Most vigorous programs appear to be devoted to air improved V-2, available in operational numbers, with a range ATE 
defense. Missile launching sites at Severnaya Zemlya, Kola, of about 300 miles. There also seems to be good evidence L as 
Taimyr, Chukot, and along the Sea of Okhotsk were begun that a refinement of the V-1, powered by either a pulsejet or § cludes 
in 1948 and may be operated in conjunction with the large turbojet, exists. Range capabilities of up to 1500 miles and § facture 
radar centers at Severnaya Zemlya and the New Siberian speeds of Mach 1 have been mentioned, and launching — contro! 
Islands. Two ground-to-air missiles have been reported. techniques developed at the Taimyr facility indicate a high  pel!#"t 
One is a modified Wasserfall for medium range interception. possible launching rate from either ground pads or sub- — “°™ 
Probably available in larger numbers is the M-1 guided missile marines. ws ‘ 
that resembles our Nike and Terrier. Vertically launched by There have also been numerous reports of manned VTO rel 
a solid propellant booster, the M-1 has a liquid propellant rocket interceptors. One is the modified German DFS-346, J girplan 
sustainer system that gives it a maximum speed of about which lands tail first by means of auxiliary rockets an a § practic: 
Mach 1.3 and an altitude of about 30-40 thousand ft (range drogue chute. Another, said to be in operation around key § ten vea 
unknown). Total weight is about 1500 Ib (3300 Ib with Soviet cities, is the Yak 21, which can exceed the speed of sound — F-99 | 
booster); sustaining thrust is 3000 lb for 30 sec; length is and is able to climb at a rate of about 12,000 fpm. ceptor 
15 ft; diameter is 15-20 in. Meanwhile, Pravda reports that the USSR Academy of f te '™ 
Jet interceptors may be armed with a unique air-to-air Sciences has established a Tsiolkowsky Gold Medal to be — *st'-i¢ 
rocket now in the research stage. Called the M-100, this awarded for outstanding work in astronautics. Even the ose 
single stage rocket has a diameter of about 10 in. and is about Russian attitude toward participation in the International he : 
13 ft long. It weighs 990 lb and can carry a large warhead Astronautical Federation seems to be more friendly. In ahi 
to a speed of Mach 0.9-1.3. The power plant employs a low- addition, Moscow radio recently interviewed Prof. Dobron- Carbi 
cost, composite-type, solid propellant (said to be petroleum- ravov, who stated that the establishment of a Russian satellite — York— 
based) with a propellant specific impulse of about 150 sec. would be possible ‘‘within a few years’ and that space travel — materia 
The standard Russian RATO, also using a solid propellant, can be expected “‘in the very near future.”’ such as 
appears to deliver 2900-lb thrust for 8-15 sec. However, Thus there is every reason to conclude that the Soviets are also ad 
the standard air-to-air missile is probably the RS-82 (3.24 in engaged in a high level of rocket activity. — 
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ARS News 


Seventeen Companies 
Active in Rockets, Missiles 
Become 

Corporate Members 


-lakeeted group of companies to enroll 
as Corporate Members of ARS in- 
cludes rocket, missile, and aircraft manu- 
facturers; makers of missile guidance and 
control equipment; liquid and solid pro- 
pellant producers; instrument manufac- 
turers, and producers of gas turbine en- 
gines. They are: 

Boving Airplane Co., Seattle, Wash.— 
developer of three successful multijet 
airplines, two pilotless aircraft, and a 
practical small gas turbine during the past 
ten years. GAPA, now obsolete, and the 
F-99 Bomare, a ramjet-powered inter- 
ceptor which is still highly classified, are 
the two missiles. The six-jet B-47 and 
eight-jet B-52 bombers and the tanker- 
transport 707 are the aircraft. The 175- 
hp Model 502 gas turbine engine is used as 
power plant in light airplanes, helicopters, 
trucks, and boats. 

Curbide and Carbon Chemicals Co., New 
York—supplier of basic organic raw 
materials including fuels and propellants 
such as ethylene oxide, ethyl alcohol, and 
also additives. 

Carborundum (Co., Refractories Div., 
Perth Amboy, N. J.—manufacturer of 
refractory combustion chamber liners, 
nozzles and exit cones for rocket motors. 

Allen B. Dumont Laboratories, Inc., 
Clifton, N. J.—research and production 
of electronic and electromechanical in- 
strumentation, radar, missile guidance 
equipment, cathode-ray tubes, television 
receiving, transmitting and broadcasting 


equipment. 
Firestone Tire & Rubber Co., Los 
Angeles—producer of the Corporal sur- 


face-to-surface missile for Army Ordnance. 

General Dynamics Corp., New York— 
parent company of Canadair Ltd., Mon- 
treal, and Convair, San Diego. The latter 
division is responsible for the Terrier 
surface-to-air missile and other classified 
missiles, as well as the Sea Dart, Hustler, 
and Pogo aircraft. Convair is also doing 
development work on nuclear-powered 
aircraft. 

Grand Central Rocket Co., Redlands, 
Calif.—formerly the rocket division of 
Grand Central Aircraft, this organization 
is headed by C. FE. Bartley, 1953 winner of 


the ARS C. N. Hickman Award for solid | 
propellant contributions. Makes solid pro- | 
pellant rockets, boosters, gas generators, | 
including rocket for the Loki missile. 

Greenleaf Mfg. Co., St. Louis, Mo.— | 
maker of rate and integrating gyros, | 
servos, synchros, electronic equipment for | 
missiles and aircraft. 

Hercules Powder Co., Wilmington, Del. | 
—solid propellant manufacturer, parent | 
company of Allegany Ballistics Labora- 
tory where solid propellants for many 
missiles, including the Terrier, have been 
developed. 

M. W. Kellogg Co., Jersey City, N. J.— | 
does research, development, design, and 
production of rocket cases. 

W. L. Maxson Corp., New York—does | 
research, development, and manufacture 
of electronic, pneumatic, hydraulic, and 
electromechanical systems and equipment 
for aircraft and missiles. 

McDonnell Aircraft Corp., St. Louis, | 


Mo.—muaker of missiles, aircraft, ramjets, | 
helicopters. Makes ramjet engine for the | 
Talos. 


Orenda Engines, Ltd., Toronto—form- 
erly the engine division of A. V. Roe, | 
Canada, Ltd., manufacturer of gas turbine 
engines. 

Philco Corp., Philadelphia—maker of 
guidance and control systems and de- 
veloper of several classified guided mis- 
siles including the Navy’s air-to-air Side- 
winder. 

Ryan Aeronautical Co., San Diego— | 
producer of missiles, aircraft, and avionics. | 
Developer of the Firebee jet-powered | 
drone missile, the rocket motor for the 
Corporal, the Firebird air-to-air research | 
missile, and producer of many jet engine | 
and airframe components. 

Thieblot. Aircraft, Bethesda, Md.— | 
research and development on aircraft and | 
guided missiles. 

Westinghouse Electric Corp., Pittsburgh, | 
Pa.—research, development, manufacture | 
of jet engines, airborne electronics, missile | 
guidance systems, wind tunnel drives, 
aircraft electrical systems through Air 
Arm, Small Motor, Aircraft Gas Turbine 
Divisions. 


Tentative Program for 
Baltimore Meeting 
HREE technical sessions, a luncheon, 


an oyster roast, and a boat trip to the 
U.S.N. Experiment Station at Annapolis 


ARS Meetings Calendar 


ARS-ASME Spring Meeting, Baltimore 
ARS-ASME Semi-Annual Meeting, Boston 


Apr. 18-22 
June 19-23 


Aug. 1-6 Sixth IAF Congress, Copenhagen {(See p. 132) 
Aug. 22-24 ARS-Northwestern University Gas Dy- ‘ 
namics Symposium, Evanston, III. Combustion 
Sept. 19-21 ARS Fall Meeting, Los Angeles General 
Nov. 13-18 ARS-ASME Annual Convention, Chicago General 


Papers for all of the above meetings, except the Spring Meeting, are invited. 
Abstracts, or manuscripts should be submitted to the Program Chairman, American 
Rocket Society, 500 Fifth Ave., New York 36, N. Y. It is requested that abstracts 
be sent 120 days prior to the meeting date. 


(see above) 
General 
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‘is usefulness of Statham 
unbonded resistance strain 
gage accelerometers has been 
further extended by special 
temperature control packaging 
which ensures that dynamic 
as well as static characteristics 
remain constant despite tem- 
perature variations such as are 
encountered in flight applica- 
tions. 


Operation through the ambi- 
ent temperature range —65° 
F. to +120° F. is afforded by 
means of an electrical heater 
jacket with a peak power input 
of approximately 20 to 30 watts. 
Depicted is the Model A17 
accelerometer which is offered 
in ranges from +1g to + 15g. 
Other temperature controlled 
models cover ranges from 
+0.5g to + 15g. 


Please request 
Catalog Bulletin 
No. AT-1, 


_ LABORATORIES, INC. 


alif. 


12401 W, Olympic Bivd. « Los Angeles 64, 
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GYROS 


at 10-G 
acceleration 


Possible 
acceleration 
force 10-G 


The gyroscope in a missile guidance system must be able to 
withstand acceleration forces up to 10 G’s in any direction. 
This gyroscope, designed and developed by the Guided Mis- 
sile Development Division of the U. S. Army and the Ford 
Instrument Company, will function under this acceleration. 
Tests have shown these gyros to be accurate to 1/50° per hour 
drift, or better. 

For forty years, Ford has been building gyroscopes, at first 
for navigation devices, later for stabilization in many fire con- 
trol problems. Ford designed and manufactured gyros have 
been in the stabilization systems of heavy battleship guns, 
in missiles and torpedoes and in delicate airborne instruments. 
Stable platforms and guidance systems have been outstanding 
achievements of Ford Instrument Company engineers. 

Since 1915, the engineers at Ford Instrument Company have 
specialized in such equipment as computers, controls, and 
servo-mechanisms in hydraulics, electronics, mechanics and 
magnetics for the Armed Forces and for industry. If you have 
problems in any of these fields, it will pay you to discuss them 
with Ford engineers. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N.Y. 


ENGINEERS 
of unusual abilities: 
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are tentatively slated for the ARS meeting 
(April 20-22) in conjunction with ASME’s 
Spring Meeting in Baltimore, April 18-29, 
Speaker at the luncheon on April 20 
will be Dr. G. Edward Pendray, founder 
and Past President of the Society. Dr, 
Pendray will review the 25 years of ARS 
development and will show films of early 
rocket firings in the New York area. 
Technical Events Chairman N. Elliott 
Felt, Jr., of the host Maryland Section, 
reports the following tentative schedule. 


Session I—Rocket Test Vehicles 
Chairman: FE. T. Munnell, Glenn L. Mar- 

tin Co. 

Vice-Chairman: W. G. Purdy, Glenn L, 

Martin Co. 

The Use of Rocket Vehicles for U)per 
Atmosphere Research—J. W. Townsend, 
Jr., Naval Research Laboratory 

Flight Measurements of Aerodyn:mie 
Heating and Boundary Layer Transition 
on the Viking 10 Nose Cone—R. B. Siod- 
grass, NRL. 

A Sunfollower for High Altitude Rockets 
—G. Granross, Aircraft Armaments, Inc. 

The Worthwhileness and Applications of 
a Minimum Orbital Unmanned Satellite 
of the Earth (MOUSE)-—S. Fred Singer, 


University of Maryland. 


Session II—Jnstrumentation in the 
Rocket Field 
Chairman: Major R. T. Franzel, Hyrs. 
ARDC 
Vice-Chairman: Capt. George Johnson, 
Hars. ARDC 
Photography from the Viking 11 
Rocket—L. Winkler, Naval Research 
Laboratory 
Instrumentation Techniques and Re- 
quirements for Rocket and Guided Missile 
Testing—H. B. Riblet, Applied Physics 
Lab., Johns Hopkins Univ. 
Practical Factors in Rocket Telemeter- 
ing—D. G. Mazur, Naval Research Lab. 
Jet Propulsion Pressure Measurements 
at Audio Frequencies—Howland B. Jones, 
consultant, Jet Propulsion Research Pro- 
gram, Dept. of Aeronautical Engineering, 
Princeton University 
Session III—Manned Rocket Vehicles 
Chairman: Wm. A. Webb, Aircraft Arma- 
ments, Ine. 
Vice-Chairman: Samuel Fradin, Miller 
Metal Products 
Rotor Rocket Development for Helicop- 
tors—W. R. Brown, Reaction Motors, Inc. 
Some Practical Aspects of Rocket 
Powered Aircraft—W. F. Moore and R. C. 
Smith, Bell Aircraft 
Future Applications for Manned Rocket 
Vehicles—C. L. Forrest and R. B. Cris- 
man, Bell Aircraft 
A Communication Approach to the De- 
sign of Aircraft Instrument Displays—L. 
J. Fogel, Stavid Engineering, Inc. 


Copenhagen papers 


CCENT will be on the unmanned 

satellite vehicle at the Sixth Inter- 
national Astronautical Congress slated for 
Aug. 1 to 6 at Copenhagen, Denmark. 

Hans Buch Andersen, President of the 
Danish Interplanetary Society, host or- 
ganization, has expressed this feeling in 
his request for manuscripts. 

Deadline for papers is May 1. ARS 
members wishing to submit papers should 
send them, with a 10-line abstract and a 
short biography, to Milton Rosen, Naval 
Research Laboratory, Washington, D. C. 
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Section Doings 
ARS SECTION PRESIDENTS 


Alabama: JosepH Wiacarns, Thiokol Chem. Corp.; Arizona: R.H. Hansen, Hughes Aircraft 
(o.; Central Texas: B.S. ApELMAN, Phillips Petroleum Co.; Chicago: B. J. CusHine, Armour 
Research Founaation; Cleveland-Akron: JoHN Stoop, NACA; Detroit: Laurence M. 
Batt, Chrysler Corp.; Florida: K. K. McDaniel, Boeing Airplane Co.; Greater St. Louis: 
Norton B. Moore, McDonnell Aircraft Corp.; Indiana: A. R. Grauam, Purdue Univ.; 
Maryland: W. G. Purpy, Glenn L. Martin Co.; National Capital: E. C. Pace, Page Com- 
munications, Inc.; New Mexico-West Texas: R.C. SHERBURNE, New Mexico A & M; New 
York: C. W. CxiLison, Curtiss-Wright Corp.; Niagara Frontier: T. Zannes, Bell Air- 
craft Corp.; Northeastern New York: Kurt Berman, General Electric Co.; Northern Cali- 


fornia : 


Cc. M. McC.tosxey, ON R; Southern Ohio: 
J.J. Scuons, Univ. of Minnesota. 


Underwater Jet Propulsion 


Two experts on propulsion devices for 
underwater craft spoke on Jan. 13 to the 
Southern California Section. 

C. A. Congwer and G. McRoberts, 
manager and chief engineer, respectively, 
of Aerojet-General Corporation’s Under- 
water Engineering Division, discussed the 
application of aerodynamic principles to 
the design of below-surface craft. They 
also dealt with the influence of duct losses 
on jet propulsion devices. 

Electric Space Ships? 

Dr. Ernst Stuhlinger, Redstone Arsenal 
scientist, elaborated on his idea for using 
electrically accelerated ions as a propul- 
sive means for space vehicles at the Decem- 
ber meeting of the Alabama Section. 
Dr. Stuhlinger first presented his paper at 
last year’s IAF Congress in Innsbruck 
(Jer PRoPULSION, Jan. 1955, p. 48). 


Chicago Hears Wiant 

Harry W. Wiant, project engineer at 
Cook Research Laboratories, Skokie, 
Ill, gave a talk on the Cherokee and Skokie 
supersonic component test missiles before a 
Jan. 26 meeting of the Chicago Section. 
Mr. Wiant delivered a paper on the subject 
at the recent Annual Meeting in New York 
(Jer Propuusion, Jan. 1955, p. 55). 


Roy Marquardt Speaks 


The Cleveland-Akron Section heard 
Roy Marquardt, president of Marquardt 
Aircraft Co., give details on a ramjet ap- 
plication for a subsonic target drone at a 
Jan. 13 meeting, reports George R. Kinney. 

A large audience heard Mr. Marquardt 
discuss general aspects of the ramjet, in- 
cluding the development of nose inlets to 
give 95% efficiency of pressure recovery, 
the effect of altitude on combustion effi- 
ciency, and the effect of Mach number on 
operating altitude. He described a 30-in. 
ramjet used on the Lockheed F-80 inter- 
ceptor and a 48-in. unit requiring only a 
one-week ground test. 


Pogo at Purdue 


Details on the Pogo vertical take-off 
airplane were disclosed to an audience of 
83 at the Indiana Section’s Jan. 11 meet- 
ing. 

Speaker Dr. EF. L. Katz, senior engineer 
in the Thermodynamics Division of 
Convair, spoke to the group and showed 
films of the company’s Sea Dart, F-102, 
and R34 in addition to Pogo, according to 
James A. Bottorff. 

At a Nov. 5 meeting, ARS Director 
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W. J. Barr, Detroit Controls Corp.; Pacific Northwest: 
Airplane Co.; Princeton Group: Irvin Guiassman, Princeton Univ.; Southern California: 
W. J. Mizen, Bendix Aviation Corp.; Twin Cities: 


R. M. Bripcrortn, Boeing 


George P. Sutton of North American 
spoke on high thrust rocket engines. 
Operations Research 

A talk on the development of research 


studies on operations analysis by the Air 
Force was given to the Maryland Section 
on Jan. 18. 

The speaker was Leroy A. Brothers, | 
director of the Air Force’s Operations Re- 
search program. 


Space Flight Assembly 

First venture of the Detroit Section into | 
its educational program took place on | 
Jan. 20 at the local Bryant Junior High | 
School. David N. Buell, Section secre- | 
tary and engineer from Chrysler’s Missile | 
Branch, spoke on space flight to morning | 
and afternoon assemblies of students and 
to an evening PTA audience. The lec- 
ture, designed to present a factual report | 
of scientific research in rockets and mis- 
siles, was illustrated by Martin Aircraft’s 
“Horizons Unlimited” film on the Viking. 

The lectures evoked many questions 
from the audiences. C. <A. Gibson, 
publicity chairman of the Section, reports | 
that very favorable comment on ARS and | 
Mr. Buell have been received from the 
Science Teachers Association in the De- 
troit area. 

A further step toward making the Sec- 
tion better known in the area was achieved 
on Jan. 31 when directors Richard B. 
Morrison and Arthur B. Ash appeared on a 
local television program to discuss astron- 
omy and possibility of life on other 
planets. 


Pacific Northwest Elects 

The permanent slate of officers and di- 
rectors for the Pacific Northwest Section is 
as follows: Robert M. Bridgforth, Jr., 
president; William Ramroth, vice-pre- 
sident; James C. Drury, secretary; Jos- 
eph A. Brousseau, Jr., treasurer; and W. | 
Smmett Coon, Nathan 8. Ruder, Henry | 
L. Turner, James H. Fisher, Robert | 
Plath, George W. Hetterick, and Stanley | 
W. Leszynski, directors. Mr. Ramroth is 
chairman of the membership committee, 
Mr. Turner of the program committee, | 
and Harold Lustig, public relations. | 


Weather Expert | 
Dr. E. J. Workman, president of New | 
Mexico Institute of Mining and Tech- | 
nology and a distinguished authority on 
weather, spoke to the New Mexico-West | 
Texas Section on Jan. 27. He reviewed 
Langmuir’s theories on long-range weather 
forecasting and discussed atmospheric 
circulation of heat and moisture. 


Genisco’s New GOH Accelerometer 
withstands vibrational 
accelerations of 
15 G’s up to 2000 cps 


| 
PHYSICAL DIMENSIONS 
OVERALL HEIGHT... ay | 
| OVERALLWIDTH. .. 
OVERALL DEPTH. 3%" | 
38 OUNCES 
Hermetically sealed | 


This newest Genisco Accelerometer is a 
rugged, oiled-damped, potentiometer-type 
instrument designed to operate in the most 
severe missile and aircraft vibrational envi- 
ronment. For example, in a recent produc- 
tion test the GOH performed satisfactorily 
after vibrational environment of 15 G’s up to 
2000 cps. As further proof of its ruggedness, 
the GOH will withstand 40-G shocks of 5 
millisecond duration on the sensitive axis, 
and steady-state accelerations of 30 G’s on 
the non-sensitive axes and 10 G’s on the sen- 
sitive axis without damage. 


HEATING ELEMENT AVAILABLE — A thermo- 
stat-controlled, internal heater may be 
installed in the GOH to keep operating char- 
acteristics constant between —50° F. and 
+160° F. However, thermostat operation is 
limited to 60,000 feet or less, 95% relative 
humidity at 160° F., and a vibrational en- 
vironment of 10 G’s up to 500 cps. 


SPECIFICATIONS 


Ranges: +1 G to +3 G's inclusive. 

Natural Frequencies: 7 cps to 12 cps. 

Nominal Damping: 0.65 of critical at 75° F. 
Values between 0.4 to 1 set if desired. 

Resistance: 14000 ohms (+ 5%); center 
tap at 0 G-point. Other resistances 
also supplied. 

Potentiometer Voltage: Up to 60 volts. 

Resolution: One part in 300 for standard 
potentiometer. 

Noise Levels: Less than 10 mv at 0.1 ma 
brush contact. 

Linearity: Within 1% of full scale from best 
straight line through calibration points. 
Complete technical data on the GOH and other 
Genisco Accelerometers and Pressure Transducers is 
available from Genisco, Incorporated, 2233 Federal 
Avenue, Los Angeles 64, California. Write for your 

copy today. 
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Book Reviews 


Rocket Exploration of the Upper Atmos- 
phere, edited by R. L. F. Boyd and 
M. J. Seaton, Interscience Publishers, 
Inc., New York, 1954, 384 pp. $11. 

Reviewed by S. F. Sincer 
University of Maryland 


This book, published as a supplement 
to the well-known Journal of Atmospheric 
and Terrestrial Physics, is the report of 
the first major international scientific 
conference concerned with rocket explora- 
tion of the earth’s upper atmosphere. 
This conference was held in Oxford, Eng- 
land, in August 1953, and arranged by the 
Upper Atmosphere Rocket Research Panel 
of the United States and by the Gassiot 
Committee of the Royal Society of 
London. 

Since 1946, upper atmosphere research 
in the United States, with captured V-2 
rockets and later with Aerobees and Viking 
rockets, has produced a large number of 
interesting and important results about 
the earth’s upper atmosphere and about 
extraterrestrial radiations reaching the 
atmosphere. At the same time thecreti- 
cal developments in these very fields have 
been made all over the world, but especially 
by the group of atmospheric physicists 
of the Royal Society of London organized 
in the Gassiot Committee. The Oxford 
Conference resulted from the need for a 
direct exchange of information between 
rocket experimenters and theoretical phys- 
icists interested in the upper atmosphere. 
It was the first such opportunity for an 
international discussion of problems of the 
upper atmosphere in the light of modern 
rocket experiments. The present volume 
presents the forty-odd papers of the con- 
ference, corrected and updated by the 
authors and intergrated by the extremely 
able team of editors. As a collection of 
papers, the book does not approach the 
unity of a monograph on the subject; 
however, it represents our most up-to-date 
account of results of rocket experiments 
and theoretical interpretations. Many of 
the papers describe results which have not 
been published elsewhere; for example, the 
Signal Corps technique for exploding 
grenades to obtain upper atmosphere tem- 
peratures, or the University of Iowa tech- 
nique for launching rockets from high 
altitude balloons. 

The first section, entitled ‘Rocket 
Techniques,”’ groups five papers describing 
properties of rocket vehicles important to 
upper atmosphere experiments. The sec- 
ond group of papers, under the heading of 
“Pressure, Temperatures, and Winds,” 
presents not only results from rocket ex- 
periments but also describes comple- 
mentary techniques such as radar and 
visual determinations of meteor trains, and 
measurements of traveling disturbances 
in the ionosphere. The third section 
deals with the composition of the high 
atmosphere and includes a number of 
papers on the techniques and results of 
atmospheric sampling in rockets, mass 
spectrometry from rockets and studies of 
the ozone distribution by optical and 
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C. F. Warner, Purdue University, Associate Editor 


chemical means. The fourth section, 
which deals with the ionosphere, solar 
radiation, and geomagnetic variations, 
discusses ionosphere propagation measure- 
ments with rockets, direct exploration of 
ion densities by means of probes, rocket 
measurements of electric currents in the 
upper atmosphere, determinations of 
charge densities by means of radio-Dopp- 
ler techniques, and finally a complete 
account of results on the solar ultraviolet 
and x-ray spectra which have for the first 
time been measured in rockets. There are 
also remarks by Professor Chapman on 
further ionospheric and auroral magnetic 
measurements which should be possible 
and important to do in rockets. The 
fifth section is a short one dealing with 
cosmic ray measurements by the Naval 
Research Laboratory Rocket Group. The 
sixth section groups together a series of 
papers mainly by British investigators on 
laboratory studies of fundamental proc- 
esses in the upper atmosphere, such as 
the absorption of ultraviolet radiation and 
measurements of fundamental properties 
of collisions in gas discharges. The 
seventh and last section deals with theoreti- 
cal considerations and interpretations of 
upper atmosphere rocket experiments and 
suggestions for new experiments with 
rockets. 

The Pergamon Press should be con- 
gratulated on the extremely fine quality 
of pictures and on the great speed with 
which the volume appeared. It repre- 
sents a timely review of the major results 
and interpretations of upper atmosphere 
rocket experiments. 


Principles of Engineering Thermody- 
namics, by P. J. Kiefer, G. F. Kinney, 
and M. C. Stuart, John Wiley & Sons, 
Inc., New York, 1954, 529 pp. $7.75. 

Reviewed by C. F. WARNER 
Purdue University 


Although this book is presented as the 
second edition of a book of the same title 
written by the two senior authors and 
published in 1930, it has been almost com- 
pletely rewritten and much new material 
has been added. The more serious student 
of engineering thermodynamics or the 
teacher of thermodynamics will find this 
book a most welcome addition to his li- 
brary. Some may find it somewhat tedi- 
ous and verbose. 

Part I is devoted to an extended dis- 
cussion of energy, its forms, classifications, 
transformations, and equations. Care has 
been taken to distinguish between mass 
and weizht. The application of the dy- 
namic equation as wel] as the general en- 
ergy equation to the anzlysis of steady 
flow phenomena is most welcome. 

The distinguishing feature of this book 
is the superior presentation of the subject 
of availability of energy in part II and the 
second-law cycle analyses of part IV. 
The subjects of processes, reversible proc- 
esses, cycles, reversible cycles, the Carnot 
cycle, and the Carnot principle are dis- 
cussed in a logical sequence building up to 


the concepts of entropy and the availa- 
bility of energy. The detailed exposi- 
tion of these latter topics is augmented by 
numerous graphical illustrations. The 
numerical and graphical presentations of 
second-law cycle analyses of part IV give 
the reader a clear picture of the degrada- 
tion of energy. 

New material pertaining to the ther- 
modynamic properties of fluids has |een 
added in part III. Excerpts from Keenan 
and Kaye’s “Gas Tables’ are presented, 
and generalized compressibility charts, 
residual enthalpy charts, and_ residual 
entropy charts are given in the treatment 
of nonideal gases and vapors. 

A brief discussion of atmospheric ther- 
modynamics is given under the getieral 
topic of gas and gas vapor mixture. 

While the treatment of thermodynatnics 
of combustion is brief, the average en- 
gineer will find it adequate for most ap- 
plications. The subject of chemical e ui- 
librium is presented and some equilibrium 
constant curves given. Numerous ex- 
amples illustrate the techniques and 
equations used in the solution of simpli- 
fied engineering combustion problems. 

Both the first and second-law analyses 
of the standard vapor and gas power cycles 
are presented in part IV. The majority of 
the material devoted to gas turbine cycles 
deals with stationary or shipboard appli- 
cations; however, one example of a ther- 
mojet propulsion cycle analysis is given. 

The last one hundred pages of the book 
are devoted to a treatment of compressible 
fluid flow. Flow equations in terms of 
total temperatures, total pressures, and 
Mach numbers are given. A chart for 
the graphical solution of ideal gas adiaba- 
tic flow problems is presented together 
with several numerical examples _ illus- 
trating its use. 

In conclusion this reviewer feels that the 
authors are to be commended for their 
presentation of this most difficult, broad, 
and somewhat controversial subject. One 
major omission should be pointed out, 
however: practically no references are 
given or additional literature cited. 


Elementary Meteorology, by G. F. Taylor, 
Prentice-Hall, Inc., New York, 1954, 
357 pp. $5.95. 
Reviewed by W. W. Briaas 
Purdue University 


This book not only serves as a founda- 
tion for advanced study of meteorology 
but also furnishes the background of basic 
weather knowledge essential to students of 
geography, agriculture, biology, engineer- 
ing, and other sciences and human activi- 
ties in which weather is an important fac- 
tor. A number of new ideas in the realm 
of meteorology have been touched upon 
briefly, but sufficiently to arouse the in- 
terest of the reader in some of the challeng- 
ing new fields. 

In the first chapter, although it is brief, 
the author presents a stimulating account 
of present-day ideas concerning the origin 
of the atomic species and the galaxies, 
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stars, and planets that populate the uni- 
verse. A good description, including pic- 
tures, is given of the instruments and 
methods used in observing and measuring 
atmospheric conditions. This is followed 
by a discussion of the interrelation of the 
yarious weather elements. Wind and 
atmospheric circulation, including stream- 
line analysis and jet streams, are well 
covered. A chapter on the physics of 
condensation and precipitation adds com- 
pleteness to the book. 

The chapter on air masses is excellent. 
The author discusses the various types of 
air, their source regions, their properties, 
and the types of weather which they pro- 
duce. Characteristic curves, on both the 
Stiive and Rossby diagrams, are included 
for all the more important air mass types. 
A well-written description of frontogenesis 
and frontolysis is found in the chapter on 
fronts and storm structure. In that por- 
tion of the book devoted to violent local 
storms a brief account of the electrical 
phenomena of a thunderstorm is added, 
Factors affecting tropical weather are 
treated separately. 

A series of analyzed weather maps is 
included in the chapter on weather charts 
and diagrams. Many techniques of pres- 
ent-day forecasting are explained in a 
fascinating manner. The author gives a 
simple explanation of the principles of 
climatology and a concise summary of the 
main features of the major climatic re- 
gions of the world. 

The discussions are necessarily brief and 
incomplete; therefore, much interesting 
and valuable material has been omitted. 
To supplement this, an adequate list of 
reference books is to be found at the end of 
each chapter. Mathematics has been 
used only when essential to the complete 
understanding of a concept. The book is 
well illustrated throughout, and many use- 
ful tables and charts are found in an ap- 
pendix. 


Statistics for Technologists, by C. G. 
Paradine and B. H. P. Rivett, D. Van 
Nostrand Co., New York, 1953, 288 
pp. $6.75. 

Reviewed by I. W. Burr 
Purdue University 


This book should prove a valuable addi- 
tion to the growing literature of statistics 
for physical scientists. The thirteen 
chapter headings give the scope of the 
book: Introductory; frequency distri- 
butions, statistical parameters; proba- 
bility binominal distribution; Poisson’s 


distribution, normal distribution; sum: 


of squares of normal variates, goodness of 
fit; small samples, “Student’s t,”’ variance 
ratio; quality control; sampling inspec- 
tion schemes, theory of errors; method of 
least squares; correlation; analysis of 
variance; principle of maximum likeli- 
hood, probit analysis. A good many 
derivations and proofs are included and 
much of the language is in mathematical 
form. However, one who has command of 
the calculus should have no real difficulty 
in reading it completely. Illustrative ex- 
amples are good and there are sufficient 
problems for a complete course. Answers 
are included, which is extremely helpful 
for the self-taught student. The only 
criticism this reviewer had was the seem- 
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TO THE FINE ENGINEERING MIND 
SEEKING THE CHALLENGING PROJECTS IN 


FLIGHT TEST 


FLIGHT TEST ENGINEERS skilled in operations, analysis, telemetering and oscillo- 
graphic instrumentation are offered unusual career opportunities now at Convair 
in beautiful San Diego, California. If you are experienced in experimental flight 
testing, either airplane or missile, Convair invites your inquiry at once! Oppor- 
tunities exist in the areas of power plant, flight characteristics, flight controls, 
performance and field testing. In the Convair Engineering Department you will 
join in the experimental development and testing of missiles, commercial aircraft 
and military land and water based aircraft. 

CONVAIR offers you an imaginative, explorative, energetic engineering depart- 
ment... truly the “engineer's” engineering department to challenge your mind, 
your skills, your abilities in solving the complex problems of vital, new, long- 
range programs. You will find salaries, facilities, engineering policies, educational 
opportunities and personal advantages excellent. 


Generous travel allowances to engineers who are accepted. Write at once 
enclosing full resume to: 


H. T. Brooks, Engineering Personnel, Dept.1403 


ONVAIR 


A Division of General Dynamics Corporation 
3302 PACIFIC HIGHWAY SAN DIEGO, CALIFORNIA 


SMOG-FREE SAN DIEGO, lovely, sunny city on the coast of Southern California, 
offers you and your family a wonderful, new way of life ...a way of life judged by 
most as the Nation’s finest for climate, natural beauty and easy (indoor-outdoor) 
living. Housing is plentiful and reasonable. 
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@ Demands for more precise flow measurement in aeronautical research have brought 
about the adoption of the Potter Flow Meter throughout the aviation industry. Fuels, 
oils, propellants and other fluids are being metered with + 12% accuracy in labora- 
tory experimentation and in actual prototype flight testing with light, compact Potter 
Flow Meters. 

The unique Potter Flow Sensing Element is inherently linear, has a high response 
speed, and can be quickly, easily installed in any position. Output signal (an alternating 
current whose frequency is directly proportional to the flow rate) can be telemetered, 
fed to digital handling systems or measured directly to indicate, record or control 
flow rate or total. 


Inquire about Potter Flow Meters for engine and prototype testing, hydraulic research 
and for production aircraft. 


Write for Bulletin AF-1. 


ingly too brief treatment of a number of 
topics. This might make it difficult as q 
text for some students or readers, but does 
not handicap it as an excellent reference 
book. 


The New Warfare, by Brigadier C. N. 
Barclay, Philosophical Library, 
New York, N. Y., 1954, 65 pp. $2.75. 

Reviewed by J. L. Brown 
Ramo-Wooldridge Corporation 


In this book the author, known to some 
as editor of The Army Cuarterly, has given 
a compact account of the evolution of 
modern warfare and his views of the 
present ‘‘cold’” war which he discusses 
under the term “the new warfare.” The 
reviewer strongly recommends the rea:ling 
of this small book to all who are interested 
in a very reasonable interpretation of how 
the world has reached its present state, 
what is likely to happen next, and what 
we should do in carrying on ‘‘the new 
warfare.” 

Whether it is possible to extrapolate 
from the history of earlier wars and 
thereby predict the size and frequency of 
future wars may be open to doubt in view 
of the changing probability situation. 
However, Barclay’s development of the 
hypothesis that we are now in a new type 
of war and must fight every phase of it 
with intelligence and vigor is very logical. 


Forschung zwischen Luftfahrt und Raum- 
fahrt, by Eugene Sanger, Verlag Walter 
Pustet, Tittmoning OBB, 1954, 93 pp. 
$0.98. 

Reviewed by Paut P. DatNER 
Aerojet-General Corporation 


This little book is a concise discussion of 
research at the boundary between aero- 
nautics and astronautics. Topics such as 
the scope of the work required to advance 
aeronautics and to make the exploration of 
space possible, approaches to the prob- 
lems, applicability of various means of 
propulsion, the technical problems to be 
encountered, etc., are listed and classified. 
Piston-engine propeller propulsion, turbo- 
props, turbojets, ramjets, solid- and liquid- 
propellant rockets, thermo-nuclear pro- 
pulsion, and photon rockets are considered 
with respect to their potential applica- 
bility. Sanger concludes that only turbo- 
props, ramjets, and photon rockets hold 
real importance for the future, and will be 
used in such vehicles as subsonic turbo- 
prop airplanes, turboprop helicopters, 
ramjet-propelled supersonic aircraft, heli- 


copters with ramjets on the rotor blades, 


supersonic aircraft, and, space ships pro- 
pelled by photon ro¢ékets. Sanger be- 
lieves that rockets using solid and liquid 
propellants will be used only as take-off 
boosters and as gas generators for wind 
tunnels, and that piston-engine propeller, 
turbojet, and thermo-nuclear propulsion, 
together with solid- and liquid-propellant 
rocket sustainers, are of only temporary 
significance. 

Sanger has attempted to categorize the 
problems encountered in aeronautical and 
astronautical research and to evaluate 
their relative importance. The classifica- 
tion he has developed should prove stimu- 
lating to everyone interested in these 
topics. 
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Technical Literature Digest 


Jet Propulsion Engines 


The R.P.I. Wave Engine, by J. V. Foa, 
Rensselaer Polytechnic Inst. Res. Div. 
Tech. Rep. AE-5409, Oct. 1954, 19 pp. 

Assessment of the Relative Performance 
of the By-Pass Engine and the Orthodox 
Double Compound Jet Engine, by E. A. 
Bridl-, Gt. Brit. ARC Tech. Rep. 11740 
(formerly Gt. Brit. Nat. Gas Turbine 
Estab. Memo. no. M92), 1954, 24 pp. 

Investigation of the Dynamic Charac- 
teristics of a Turbine-Propeller Engine, 
by Frank L. Oppenheimer and James R. 
Jaques, NACA RM E51F15, Sept. 1951. 
22 pp. (Declassified from Confidential 
10/12/54.) 

NACA University Conference on Aero- 
dynamics, Construction and Propulsion, 
NACA Lewis Flight Propulsion Lab., 
Oct. 1954, vol. I. Aircraft Construction 
and Materials; vol. 2. Aerodynamics; 
vol. 3. Aircraft Propulsion. Contents 
include: Propulsion Systems and Their 
Application, by Richard J. Weber, 15 
pp.; Some Considerations in Axial Flow 
Compressor Design, by Irving A. Johnson, 
19 pp. 

Turbojet Engine Life, by Denny Clark, 
SAE J., vol. 62, Nov. 1954, p. 28. 

Analytical Comparison of a Standard 
Turbojet Engine, a Turbojet Engine with a 
Tail-Pipe Burner and a Ram-Jet Engine, 
by Richard Krebs and John Palasics, 
NACA RM E6L11, Feb. 1947, 18 pp. 
(Declassified from Confidential 10/12/54. ) 

The Jet Helicopter, by Basil Arkell, 
Shell Aviation News no. 196, Oct. 1954, 


pp. 4-8. 

Flight Test Evaluation and Development 
of the YJ65-W-1 Engine, by Otha J. 
Clark, Jr., U. S. Air Force Flight Test 
Center AD-20872, U.S.A.F. Tech. Rep. 
AFFTC 53-32, Oct. 1953 70 pp. (De- 
classified June 15, 1954.) 

Curtiss-Wright J65, Aero Digest, vol. 
69, Dec. 1954, pp. 31-35. 

Turbojet Engine Test Cell Design and 
Correlation, by R. J. Vannelli, SAE Pre- 
print, Jan. 10-14, 1955, 10 pp. 

In the U. S. Turboprop Transport Race 
Lockheed May Be a Year Ahead, by Fred 
§. Hunter, Amer. Aviation, vol. 18, Dec. 
20, 1954, pp. 21-22. 

Progress with the Free Piston Gas 
Generator Turbine, by J. G. Coutant, 
Automotive Indust., vol. 3, Dec. 15, 1954, 
pp. 62-63. 

Report of the Turbine Low Temperature 
Pumpability Group, Coordinating Res. 
Council, Inc., Oct. 1954, 40 pp. 

Optimization of Linear Closed Loop 
Systems with Applications to Turbojet 
Engine Controls, by A. S. Boksenbom, D. 
Novik and H. Heppler, ATEE, 2nd Feed- 
back Control Systems Conference, Atlantic 
City, N. J., Apr. 21-23, 1954, p. 88. 

Turbine Engines for Transport Air- 
planes, by Abe Silverstein and Bruce 
Lundin, Proc. Nat. Turbine Powered 
Air Trans. Meeting, Aug. 9-11, 1954; 
N. Y. Inst. Aero. Sci., 1954, pp. 158-176. 

_ Design Features of the Atar 101, Avia- 
tion Age, vol. 22, Oct. 1954, pp. 60-61. 


M. H. Smith, Associate Editor, and M. H. Fisher, Contributor 
The James Forrestal Research Center, Princeton University 


Eland Engine Details Released, by 
Denis Desoutter, Aviation Age, Vol. 22, 
Oct. 1954, pp. 136-138. 

The Napier Nomad, by Herbert Sam- 
mons and Ernest Chatterton, SAF J. 
vol. 62, Oct. 1954, pp. 62-65. 

Two-Spool Aircraft Engines, by John 
Mitchell Stephenson, Aero Digest, vol. 69, 
Nov. 1954, pp. 58-63. 

Turbojet Engine Life, by J. Denny 
a SAE J. vol. 62, Nov. 1954, pp. 


Approximate Methods for Determining 
the Performance of Gas Turbine Engines 
at Off Design Conditions, by W. B. Gist 
and L. R. Woodworth, Rand Corp. RM- 
1205, March 5, 1954, 60 pp. 

Frequency Response Methods in Design 
of Turbojet Engine Controls, by W. M. 
Gaines, AIEE 2nd Feedback Control Sys- 
tems Conference, Atlantic City, N. J. 
April 21-23, 1954, p. 95. 

An Introduction to the Thermal Prob- 
lems of Turbojet Engines for Supersonic 
Propulsion, by A. J. Gardner, ASME 
Preprint, Nov. 28—Dec. 3, 1954, 7 pp. 

Dynamic Testing of Jet-Engine Fuel 
Controls Using an Engine Simulator, by 
W. 8. Bobier, ASME Preprint, Nov. 28- 
Dec. 3, 1954, 8 pp. 

Problems in Evaluation and Mainte- 
nance of Jet Engine Fuel Metering Ac- 
cessories, by L. A. Wilson, ASME Pre- 
print, Nov. 28—Dec. 3, 1954, 6 pp. 

Effect of Supersonic Flight on Power 
Plant Installation Systems, by R. B. 
Keusch, ASME Preprint, Nov. 20—Dec. 
3, 1954, 7 pp. 

Supersonic Ramjets for Helicopters, 
by P. R. Payne, Flight, vol. 66, Nov. 26, 
1954, pp. 768-769. 

Subsonic Ramjets for Helicopters, by 
P. R. Payne, Flight, vol. 66, Nov. 19, 1954, 
pp. 737-739. 

Assessment of the Relative Perform- 
ance of the By-Pass Engine and the 
Orthodox Double Compound Jet Engine, 
by E. A. Bridle, Gt. Brit. ARC Rep. Mem. 
2862, July 1948, 12 pp. 

Two Spool Aircraft Engines, by John 
Mitchell Stephenson, Aero Digest, vol. 69, 
Nov. 1954, pp. 58-60. 


Rocket Propulsion 
Engines 


The Commonwealth’s Rockets (photo- 
graphs), [nteravia, vol. 9, Autumn 1954, 
pp. 747-748. 

Some Measurement of Noise from 
Three Solid-Fuel Rocket Engines, by 
Leslie W. Lassiter and Robert H. Heit- 
kotter, NACA TN 3316, Dec. 1954, 21 pp. 

Development and Appraisal of a Photo- 
graphic Technique for Rocket Motor 
Combustion Study, by George A. Agoston, 
Calif. Inst. Tech., Guggenheim Aeron. Lab. 
Rep. 25-1 (AD-26975), Jan. 29, 1954, 
17 pp. (Declassified Mar. 1, 1954.) 


Enter the Super Rocket, by Kurt R. 
Stehling, Aviation Age, vol. 22, Dec. 
1954, pp. 16-23. 

RTV-N-12a Viking. Progress Report 
No. 32, Glenn L. Martin Co. Engng. Rep. 
no. ER-5532 (AD-12, 920), Dec. 15, 
1952 to Mar. 15, 1953, 34 pp. 

Thrust Measuring Systems for Rocket 
Motors, by John D. Patrick, Jr., Instrum. 
Soc. Amer., Preprint, Sept. 13-23, 1954, 
4 pp. 

Marine Corps Demonstrate New ROR 
System, by G. F. Champlin, Amer. 
Helicopter, vol. 36, Sept. 1954, pp. 9-10. 


Heat Transfer and 
Fluid Flow 


A Graphical Representation of the 
Frictional Losses in Commercial Pipe of 
Air and Stream Flowing Turbulently at 
Low Pressure, by W. C. Knapp and J. W. 
Metzger, ASME Paper no. 54—SA-17, 
June 1954, 14 pp. 

Fanning Friction Factors for Air Flow at 
Low Absolute Pressure in Cylindrical 
Pipes, by W. J. Bohnet and L. S. Stinson, 
ASME Paper no. 54—SA-16, June 1954, 
6 pp. 

Hydrodynamical and Heat Transfer 
Problems of Liquid Spray Droplets, by P. 
Savic, Canada Nat. Res. Counc. Div. 
Mech. Engng. Quart. Bull., Jan. 1—Mar. 
31, 1953, pp. 1-5. 

The Spraying of Liquids, by M. Golit- 
zine, Canada Nat. Res. Counc. Div. Mech. 
Engng. Quart. Rep., Jan. 1—Mar. 31, 
1954, pp. 1-14. 

Shocks in Helical Flows Through An- 
nular Cascades of Stator Blades, by 
Robert Wasserman and Arthur W. Gold- 
stein, NACA TN 3329, Dec. 1954, 27 pp. 

Pressure Effects of Relaxation and 
Bulk Viscosity in Gas Motion, Appl. Sci. 
Res., vol. 5, no. 1, Section A, 1954, p. 55. 

On the Theory of Shock Structure, III, 
by L. J. F. Broer, Appl. Sci. Res., vol. 5, 
no. 1, Section A, 1954, p. 76. 

On the Theory of Discharge Coefficients 
for Rounded-entrance Flow Meters and 
Venturis, by Miquel Rivas and Ascher 
Shapiro ASME Paper no. 54—A-98, April 
1954, 22 pp. 

Mechanics of Two-Dimensionai Im- 
miscible Fluids in Porous Media, by H. I. 
Meyer and A. O. Gardner, J. Appl. Phys., 
vol. 25, Nov. 1954, pp. 1400-1406. 

Chemical Reactions in Strong Shock 
Waves, by Edward F. Greene, Brown 
Univ. (A D-24, 544), Tech. Rept. no. 1, 
Dee. 30, 1953, 13 pp. 

A simple Approach to the Theory of 
Secondary Flows, by J. H. Preston, Aeron. 
Quart., vol. 5, Sept. 1954, pp. 218-234. 

Approximate Effect of Leading Edge 
Thickness, Incidence Angle, and Inlet 
Mach Number on Inlet Losses for High 
Solidity Cascades of Low Cambered 
Blades, by Linwood C. Wright, NACA 
TN 3327, Dec. 1954, 38 pp. 

Shocks in Helical flows Through An- 
nular Cascades of Stator Blades, by 
Robert Wasserman and Arthur W. Gold- 
stein, NACA TN 3329, Dec. 1954, 27 pp. 


Eprror’s Note: This collection of references is not intended to be comprehensive, but is rather a selection of the most significant and 


stimulating papers which have come to the attention of the contributors. The readers will understand that a considerable body of litera- 
ture is unavailable because of security restrictions. We invite contributions to this department of references which have not come to 
our attention, as well as comment on how the department may better serve its function of providing leads to the jet propulsion applica- 


tions of many diverse fields of knowledge. 
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ENGINEERS 


you are an engineer or scientist with 
experience in Missiles or possess en- 
gineering “know-how” of weapons 
systems through preliminary aircraft 
design; analogue computation; con- 
trols system analyses; design of ser- 
vomechanisms, airborne instruments, 
electromechanical devices, you will 
be interested in the opportunities 
now offered by the Guided Missiles 
Division of Republic Aviation. 


should remember, too, that Long Is- 
land has gained wide renown for its 
extensive recreational facilities, op- 
portunities for graduate studies, and 
the excellent living conditions...and 
all around better way of life. 


to a young enterprising guided mis- 
siles organization offering an inter- 
esting career. 


now available, 

and other pertinent 
information may be 
obtained by writing to: 


Mr, R. Reissig 
Administrative Engineer 
or phone Hicksville 3-2373 


GUIDED 
MISSILES 
DIVISION 


REPUBLIC AVIATION 


CORPORATION 
Hicksville, Long Island, N. Y. 


When writing or appearing for a personal interview, 
@ resume outlining details of your technical back- 
ground is most desirable. 
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Two- and Three-Dimensional Flow of 
Air Through Square-Edged Sonic Orifices, 
by A. Weir, L. J. York, and R.B. Morrison, 
ASME Paper no. 54—A-112, Aug. 1954, 
14 pp. 

Recent Investigation of the Mechanics 
of Cavitation and Cavitation Damage, 
by R. T. Knapp, ASME Paper no. 54— 
A-106, Aug. 1954, 13 pp. 

Temperature Distribution and Efficiency 
of a Heat Exchanger Using Square Fins 
on Round Tubes, by H. Zabronsky, ASME 
Paper no. 54—A-12, July 1954, 4 pp. 

Incipient Cavitation in Axial Flow 
Pumps, PartI. Tip Clearance Flows and 
Incipient Cavitation, by Dean A. Rains, 
Calif. Inst. Tech. Hvidrodynamics Lab. 
Rep. no. E-56.1, March 1954, 18 pp. 

Thermal Conductivity and Its Variability 
with and Pressure, by Leon 
Kowalezyk, ASME Paper no. 54—A-90, 
Oct. 1954, 31 pp. 

An Electrical Geometrical Analog for 
Two-Dimensional Steady-State Heat Con- 
duction with Uniform Internal Heat Gen- 
eration, by W. R. Simmons, ASME 
Paper no. 54—SA-49, April 1954, 11 pp. 

An Experimental Study of Shock Wave 
Refraction, by C. A. Ford and I. I. Glass, 
Toronto Univ. Inst. Aerophys. UTIA Rep. 
29, Sept. 1954, 65 pp. 

Survey on Heat Transfer at High 
Speeds, by Ernst Eckert, Wright Air 
Develop. Center Tech. Rep. 54-70, April 
1954, 97 pp. 

A Test for Determining Heat-Transfer 
Coefficients by the Thermal Cyclic Method, 
by L. S. Mims and J. A. Kleber, ASME 
Paper no 54—SA-48, April 1954, 8 pp. 

Turbulent Forced Convection Heat 
Transfer in Passages, by R. G. Deissler 
and L. W. Humble, NACA Univ. Conf. 
Aerodynamics, Construction, and Pro- 
pulsion, Aircraft Propulsion, vol. 3, Oct. 
20, 22, 1954, 18 pp. 

Shock Waves and Thermal! Discontinui- 
ties in Supersonic Flows, by J. J. Jinoux, 
Interavia, vol. 9, Autumn 1954, pp. 775- 
776. 

Shearing-Stress Measurement by Use 
of a Heated Element, by H. W. Liepmann 
and G. T. Skinner, NACA TN 3268, 
Nov. 1954, 27 pp. 

Use of Numerical Analysis in Transient 
Solution of Two-Dimensional Heat-Trans- 
fer Problem with Natural and Forced 
Convection, by Stanley Hellman and 
George Habelter, ASME Paper no. 54— 
SA-53, April 1954, 19 pp. 

Some Measurements of Atmospheric 
Turbulence Obtained from Flow Direction 
Vanes Mounted on an Airplane, by Robert 
G. Chilton, NACA TN 3313, Nov. 1954, 


22 pp. 


Combustion 


Prediction of Flame Velocities of Hy- 
drocarbon Flames, by Gordon L. Dugger 
and Dorothy M. Simon, NACA Rep. 
1158, 1954, 10 pp., 4 tabs. 

Burning Times of Magnesium Ribbons 
in Various Atmospheres, by Kenneth P. 
Coffin, NACA TN 3332, Dec. 1954, 37 


pp. 

Steady State Burning of Liquid Droplets, 
by Jack Lorell and Henry Wise, Calif. 
Inst. Tech. Jet Prop. Lab. Progress Rep. 
20-237, May 1954, 22 pp. 

On Oxidation of Hydrocarbons, by 
John M. Derfer, Kenneth Greenlee, and 
Cecil E. Board, Ohio State Univ. Res. 
Foundation, Nov. 1954, 31 pp. 

Contribution to the Study of the 
Mechanism of the Slow Reaction Between 
Oxygen and a Gaseous Organic Substance, 
by Michael Niclause (in French), France 
Ministére de l’Air. Pub. Sci. Tech. no. 


292, 1954, 121 pp. 


High Temperature Reaction Kinetics oj 
the System H.-HI-l, by Wendall Graven, 
Princeton Univ. Chem. Kinetics Proj. TN 
13, Oct. 1954, 26 pp. 

Kinetics of the Thermal Decomposition 
of Ammonium Nitrate, by T. M. Cawthoy 
and Hugh S. Taylor, Princeton Uni 
Chem. Kinetics Proj. TN 17, Nov. 1954, 


16 pp. 

The Tube Method for Measuremen 
of Velocity of Burning, by H. Guénoch 
and M. Jouy (in French), Revue & 
L’Inst. Frangais du Pétrole et Annales de; 
Combustibles Liquides, vol. IX, Oct. 1954, 
pp. 562-572. 

Energy Distributions of OH in H.-0, 
Flames, by H. P. Broida, Nat. Bur. S/and, 
Rep. 3369, June 1954, 4 pp. 

A Literature Survey on Some Physical 
Aspects of the Combustion of Falling Fue! 
Droplets, by Philip Blair, Purdue | ‘niv, 
Rocket Lab. TM no. 2, Aug. 1954, 75 yp. 

Equations of a Simple Flame Solved by 
Successive Approximations to the Solution 
of an Integral Equation, by G. Klein. 
Wisconsin Univ. Naval Res. Lab. ONR- 
13, Sept. 1954, 57 pp. 

Energy Transfer Processes in Reaction 
Kinetics, by Sidney Benson, Arthur Ax- 
worthy, Charles Cousin, and Gerald B. 
Porter, Southern Calif. Univ. Dept. of Chem. 
TR 1, July 1954. 

Combustion Principles in Jet Engines, 
by A. L. Berland, NACA Univ. Conj. 
Aerodynamics, Construction, and Propul- 
sion, Aircraft Propulsion, vol. 3, Oct. 20, 
22, 1954, 14 pp. 

Structure of a Steady-State Plane De- 
tonation Wave With Finite Reaction Rate, 
by J. Kirkwood and William Wood, J. 
Chem. Phys., vol. 22, Nov. 1954, pp. 1015- 
1919. 

Flame Stabilization with Obstacles, 
by A. Mestre (in French), Recherche 
Aéronautique, no. 41, Sept.-Oct. 1954, pp. 
23-26. 

Equations for a Hydrogen-Bromine 
Flame. High Speed Computations. |, 
by Edwin Campbell and Thomas F. 
Schatski, Wisconsin. Univ. Naval Res. 
Lab. CM-819, Sept. 1954, 80 pp. 

High Frequency Oscillations of a Flame 
Held by a Bluff Body, by W. E. Kashan 
and A. E. Noreen, ASME Paper no, 54— 
A-66, July 1954, 10 pp. 

A Survey of Organ-Pipe Oscillations in 
Combustion Systems, by Abbott Putnam, 
William Dennis, and Bertrand A. Landry, 
Battelle Memorial Inst. Tech. Rep. no. 
15034-4, Aug. 1954, 39 pp. 

The Production of Excited Hydroxyl 
Radicals in the Hydrogen Atom Ozone 
Reaction, by J. McKinley, David 
Garvin, and M. Boudart, Princeton 
Univ. Chem. Kinetics Proj. TN no. 15, 
Oct. 1954, 10 pp. 


Fuels, Propellants, and 
Materials 


Mechanical Propertt@és at Room Tem- 
perature of Four Cermets of Tungsten 
Carbide with Cobalt Binder, by Aldie E. 
Johnson, Jr., NACA TN 3309, Dec. 1954, 
16 pp. 

Long Range Research Leading to the 
Development of Superior Propellants. 
Mechanism of Burning, Bur. Mines [1- 
plosives and Phys. Sci. Div. Progress Rep. 
no. 55, July-Sept. 1954, 3 pp. 

The Slow Thermal Decomposition of 
Cellulose Nitrate, by Gideon Celenter, 
Luther Browning and Samuel Harris, 
Bur. Mines Explosives and Phys. Sci. 
Div. Summary Tech. Rep. 3401, Sept. 
1954, 21 pp. 

The Thermal Decomposition of Dini- 
trites. PartII. 1,3-Dinitrites, by Lester P. 
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Kuhn, Robert Wright, and Louis De 
Angelis, Aberdeen Proving Ground Ballistic 
Res. Lab. Memo. Rep. no. 784, May 1954, 


9 pp. 

A Metallurgical Study of Molybdenum, 
by S. L. Case, Battelle Memorial Inst., 
1954, 73 pp. 

Corrosion of Metals of Construction by 
Alternate Exposure to Liquid and Gaseous 
Fluorine, by Richard M. Cundzik and 
Charles E. Feiler, NACA TN 3333, Dec. 
1954, 10 pp. 

Behavior of Forged S-816 Turbine 
Blades in Steady State Operation of J33- 
9 Turbo-Jet Engine with Stress-Rupture 
and Metallographic Evaluations, by F. B. 
Garrett, C. A. Gyorgak, and J. W. Weeton, 
NACA "RM E52L17, Feb. 1953, 29 pp. 

Jet Engine Compressor Blades—Hard 
or Soft, by E. M. Phillips and R. E. Wey- 
mouth, SAE Preprint, Jan. 10-14, 1955, 
14 pp. 

Mechanism of Decomposition of Con- 
centrated Hydrogen Peroxide, by C. M. 
Drew and A. Greenville Whittaker, U. 
§. Naval Ordnance Test Station (A D-30309) 
NOTS Tech. Memo no. 1602, Jan. 19, 
1954, 20 pp. 


Volumetric and Phase Behavior of the 
Nitric Acid-Nitrogen Dioxide System, by 
W. H. Corcoran, H. H. Reamer, and B. H. 
Sage, Indust. Engng. Chem., vol. 46, Dec. 
1954, pp. 2541-2546. 

A Low-Alloy, Cr-Mo-Ti-B Steel For Use 
Up to 1200°F., Metal Progress, vol. 66, 
Dec. 1954, pp. 84-89. 

High Temperature Materials, Metal 
Industry, vol. 85, Nov. 26, 1954, p. 491. 

Impact Testing of Cermets. Progress 
Rep. no. 2, New York State College of 
Ceramics, July 1-Oct. 1, 1954, 68 pp. 

The Measurement of Thermal Con- 
ductivity of Refractory Materials. Prog- 
tess report for Oct. 1, 1954, M.J.T. 
NYO-6446, Nov. 1954, 6 pp. 

Study of Metal Ceramic Interactions at 
Elevated Temperatures. Progress report 
for Oct, 1, 1954, 7.1.7. NYO-6296, Nov. 
1954, 12 pp. 

Research on Kinetics of Synthesis of 
Hydrazine, by Jack D. Bush, U. S. Air 
Force Wright Air Dev. Center, WADC 
Tech. Rep. 54-271, April 1954, 10 pp. 

Mechanical Properties at Room Tem- 
perature of Four Cermets of Tungsten 
Carbide with Cobalt Binder, by Aldie E. 
—, Jr., NACA TN 3309, Dec. 1954, 

pp. 

Relation Between Net Heat of Combus- 
tion and Aniline-Gravity Product of Air- 
craft Fuels, by Ralph S. Jessup and Joseph 
A. Cogliano, Bull. ASTM no. 201, Oct. 
1954, pp. 55-61. 

Effect of Ceramic Coatings on the Fa- 
tigue Strength of Ty ype 321 Stainless Steel, 
by W. J. Plankenhorn and Dwight G. 
Bennet, Illinois Univ. Dept. of Ceramic 
Engng. Rep 70, Sept. 1954, 16 pp. 

A Molecular Orbital Theory of the 
Activation Energy Between Molecules and 
Atoms, by Virginia Griffing, Catholic 
Univ. of America Tech. Rep. 3, June 1954, 
pp. 1-28. 

The Molecular Orbital Approach to the 
H-H, Reaction, by Virginia Griffing and 
Joseph R. Vanderslice, Catholic Univ. of 
ewe Tech. Rep. 3, June 1954, pp. 


Chemical Reactions in Strong Shock 
Waves, by Edward Greene, Brown Univ. 
Metcalf Research Lab. Tech. Rep. no. 1, 
Dec. 1954, 13 pp. 

A Note on the Thermochemistry of 
Ethyl Nitrate, by Harold Hurwitz and 
Keith Laidler, Catholic Univ. of America. 
Rep. no. CU/p/54.3, Aug. 1954. 
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en, 
3 you one of a select group aerodynamicis 
cerely interested in boundary layer control projects? 
The Aireraft Division of Fairchild offers a genuine 
creative opportunity to such men. 
Fairchild has been intensively in bound. 
ary layer control studies sinee 1951. In addition 
building up its own staff of engineers specialize 
ing in boundary layer control. the company has 
contracts in effect with Mississippi State Univers 
sity and leading a houndary layer 
| trol at rincet¢ 1 of Wich 
anaccelerated 
Gracious country living only minutes away 1Iro 
urban Baltinlore or Washington... paid persion 
BOUNDARY LAYER CONTROL 
= 
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SILVER CREEK , NEW YORK. 


mm effective combination of design, know 


how and precise workmanship have made 
available this linear actuator. This rugged, 
compact, dependable unit has proven able 
to perform under the most adverse. conditions 
and temperature changes. 

In this particular design, overloads cn the 
drive tube, in both directions of the stroke, 
actuate a short stub shaft, compressing the 
spring’and operating a limit switch which is 
connected to the power source. 

New heights of performance demand new 
standards of precision and dependability. 
Bring your next actuator design problem to 
us. 


Call or phone: 


- NEWBROOK MACHINE CORP. 


SILVER CREEK, NEW YORK 
PHONE: 44 
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Instrumentation and 
Experimental Techniques 


Demonstration of the Principles of the 
Ultrasonic Flowmeter, by R. C. Swengel, 
W. B. Hess, and S. K. Waldort, Electrical 
Engng. vol. 73, Dec. 1954, pp. 1082-1084. 

Jet Engine Thermocouple Averaging 
Systems, by H. H. Chamberlain, Aero 
Digest, vol. 69, Dec. 1954, pp. 47-48. 

Optical Image Evaluation; Proceedings 
of the Symposium Held at the NBS, Oct. 
18-20, 1951, U. S. Nat. Bur. of Stand. 
Wash., GPO, 1954, 289 pp. 

Transducers for Measuring Displace- 
ment, Velocity, or Acceleration, by Robert 


Engng., vol. 25, Dee. 1954, pp. 158-162. 

Sine Wave Generators, a Survey of 
Pneumatic, Mechanical, and Electrical 
Devices for Obtaining Frequency Re- 
sponse Data, by D. W. St. Clair, L. W. 
Erath, and 8S. L. Gillespie, Trans. ASME, 
vol. 76, Nov. 1954, pp. 1177-1184. 

A Bibliography of the Frequency-Re- 
sponse Method as Applied to Automatic 
Feedback Control Systems, by A. M. 
Fuchs, Trans. ASME, vol. 76, Nov. 1954, 
pp. 1185-1194, 


Terrestrial Flight, 
Vehicle Design 


Giant Stratosphere Chamber, 
Digest, vol. 69, Dec. 1954, p. 56, 98. 
Human Problems Associated with High- 
Altitude Flight, by Ross A. McFarland, 
ASME Preprint, Nov. 28-Dec. 3, 1954, 14 


Aero 


PP. 

Flight Trials of a Rocket Propelled 
Transonic Research Model: The R.A.E. 
Vickers Rocket Model, Parts 1 to 4, by 
the Staff of the Supersonics Div., Flight 
Sections, RAE, Gt. Brit. ARC Rep. 
Mem. 2835, March 1950, 63 pp. 

Jet Transport Engine Location, by R. 
W. Rummel, Skyways, vol. 13, Nov. 
1954, pp. 14-16. 

Turbojets for Supersonic Flight, by J. 
§. Alford and E. L. Auyer, Gen. Electric 
Rev., vol. 57, Nov. 1954, pp. 7-10. 

More Abcut the Jet Stream, by Bernard 
C. Frost, Shell Aviation News no. 195, 
Sept. 1954, pp. 14-18. 


Space Flight, Astrophysics, 
Aerophysics 


Perturbation Manoeuvres, by D. F. 
Lawden, J. Brit. Interplan. Soc., vol. 13, 
Nov. 1954, pp. 329-334. 

Some Comments on Strughold’s Ideas 
on Martian Vegetation, by A. E. Slater, J. 
Brit. Interplan. Soc., vol. 13, Nov. 1954, 
pp. 334-336. 

The Acquirement of Cosmic Ray En- 
ergies by Electromagnetic Induction in 
Galaxies, by W. Swann, J. Franklin Inst., 
vol. 258, Nov. 1954, pp. 383-393. 

Time Variations of Extensive Air 
Showers and the Origin of Cosmic Rays, 
by T. E. Cranshaw and W. Calbraith, 
o Mag., vol. 45, Nov. 1954, pp. 1109- 

18. 


Atomic Energy 


Liquid Metal Coolants, « Bibliography, 
by J. E. Terry and N. D. Skeats, Gt. Brit. 
Atomic Energy Res. Est. A.E.R.E. Inf/ 
Bib 94, July 1954, 17 pp. 

The Design of Totally Enclosed Me- 
chanical Pumps with Particular Reference 
to a 50 H.P. Sodium Pump, by P. Fort- 
escue, J.- Nuclear Energy, vol. 1, Aug. 
1954, pp. 5-23. 
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M. Conklin and Hal M. Morgan, Product — 


for your most 
demanding 
fests... 


Combine *Consolidated’s Type 5-119 
Recording Oscillograph with the Con- 
solidated Amplifier System D, and you 
have an analog data-recording system 
usable on over 90% of all static- 
dynamic tests. As a compatible team of 
instruments, the 5-119 and System D 
can go anywhere (it’s an ideal flight-test 


recording system 


system), can record over a suprising 
range. And both instruments offer op- 
erating features and conveniences that 
make the combination truly today’s 
most advanced analog instrumentation 
system. And every instrument is 
backed by Consolidated’s nation-wide 
engineering and service organization. 


AMPLIFIER SYSTEM D...usable with 
both self-generating and modulation- 
type pickups ... interchangeable 3-kc 
carrier and 5-5000 cps linear/integrat- 
ing plug-in amplifiers . . . capacity up to 
12 channels . . . rugged enough for field 
and flight use. SEND FOR BULLE- 
TIN CEC1403D-X4 


* or use them separately ... either the 5-119 or System D may be 
combined with other recording and amplifying instruments. Write 
to us or talk to a CEC Field Engineer about your requirements. 


AMPLIFIER SYSTEM D 
AND 
5-119 RECORDING 
OSCILLOGRAPH 


THE 5-119 RECORDING OSCILLOGRAPH ... 
36 or 50 channels... 12”x250-ft records 
at speeds from 0.1 to 100 inches per 
second.. 10:1 instant speed change by 
simple switch control ...unique warn- 
ing and safety devices to insure against 
loss of vital test data. SEND FOR 
BULLETIN CEC1536A-X4 


Consolidated Engineering 


Corporation 


ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 


300 North Sierra Madre Villa, Pasadena 15, California 


Sales and Service Offices Located in: Albuquerque, Atlanta, Buffalo, Chicago, 
Dallas, Detroit, New York, Pasadena, Philadelphia, Seattle, Washington, D. C. 


141 


most versatile 
q 
| 
| 
| 
be 


The best-behaved propellants 
are 


Futurecraft Propellant Valve used on the North American Aviation 50,000 pound 
thrust rocket engine which propels the Cook Electric Research Laboratories sled. 


Putting a harness on rocket propellants is a mighty tough problem in the missile industry. 
But even fuming nitric acid is as meek as a kitten under the controlling hand of these 
Futurecraft Blade Valves! 

Here are some of the important control features designed and built into these valves for 
your control problems: 


1. You get absolute minimum pressure drop and unobstructed, non-turbulent flow. 


. Extremely accurate and consistently controlled openings and closings are provided. 


3. Valves can be adjusted for controlled oxidizer or fuel lead during rocket motor 
starting transient. 


4. Built in by-passing simultaneous with cut off of the main flow, eliminates shock 
loads on closing. 


. Valves can be used as variable orifice control valves with proper slave system. 


And to top it off, these Blade Valves have ZERO leakage, and are designed to handle 
operating pressures to 1000 - and temperatures from —300°F to +250°F. They are 
proven in service for propellants and liquids such as liquid oxygen, RFNA, WFNA, 
aniline, hydrazine, ethylene oxide, propyl nitrate, JP-4, JP-5, hydrogen peroxide, air, 
nitrogen and water. 


Blade Valves are only one of the many valve types engineered and built by Futurecraft 
for the guided missile and aircraft industries. Let us help you. Send your specifications 
General Specifications for a prompt recommendation. Futurecraft specializes in development of hydraulic/pneu- 
BLADE VALVES matic components, and your inquiry will receive quick attention. 
SIZES: from 1/2” tube to 3° through port 
BODY: 356-16 aluminum alloy or 61 ST 
PARTS: heat-treated 416 stainless steel 
347 stainless steel blades 
PACKING: Teflon or Kel “F” with Teflon 
inserted friction-free pressure pads 


Send For Your Valve Selection Chart! 


To help you with your engineering, write for this valuable selection chart. Valves 
made by Futurecraft are detailed as to size and type, actuating means, material, 
packing, weight, temperature range, operating pressures, flow characteristics an 
other helpful facts. It’s yours for the asking —send for it today! 


Futurecraft designs and manufacturers for aircraft and 
guided missiles the following valve types: Solenoid 
Valves, Blade Valves, Propellent Valves, Pressure Relief 
Valves, Manual Control Valves, Pressure Regulators, 
Shuttle Valves, Check Valves, Line Valves and Filters, 
Quick disconnect couplings. Send for information. 
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Index to Advertisers 
ApnoJET-GENERAL back cover 


Doyle, Kitchen & McCormick, New York, N. 


AppLIED Puysics LABORATORY, The Univ... 129 

Comstock & Co., Buffalo, N. Y. 

BENDIX AvIATION Corp. 
McManus, John & Adams, Bloomfield Hills, Mich. 

CALIFORNIA INSTITUTE OF TECHNOLOGY..............+.-- 130 
The Perrett Co., Los Angeles, Calif. e 

G. M. Basford Co., New York, N. Y. 

Erwin, Wasey & Co., Ltd., Los Angeles, Calif. 


CONSOLIDATED ENGINEERING CoRP...............-: 104 and 141 
Hizson & Jorgensen, Inc., Los Angeles, Calif. 


Conv ir, A Division of General Dynamics Corp........... 135 
Bares Chase Co., San Diego, Calif. 

Esso RESEARCH AND ENGINEERING Co................---: 14: 

FAIRCHILD ENGINE AND AIRPLANE 139 
Gayor & Co., Inc., New York, N. Y. 

G. \!. Basford Co., New York, N. Y. 

L. J. Swain, Advertising, Whittier, Calif. 

Clyce D. Graham, Advertising, Los Angeles, Calif. 

Schuefer and Favre, New York, N. Y. 

West-Marquis, Inc., Los Angeles, Calif. 

McDoNNELL AIRCRAFT 130 

NewBROOK MACHINE 140 

NirroGEN Div., ALLIED CHEMIC & Dve Conp........... 144 
Atherton & Currier, Inc., New York, N. Y. 

Reaction Motors, cover 
Lor don Advertising “Agency, Newark, N. J. 

REPUBLIC AVIATION CORPORATION 138 

» Deutsch & Shea, New York, N. Y. 

Western Advertising Agency, Inc., Los Angeles, Calif. 

GYROSCOPE COMPANY. 98 
Byron H. Brown and Staff, Los Angeles, Calif. 103 


THIOKOL CHEMICAL 
John Gerber & Co., 


Trenton, N. 


COMBUSTION RESEARCH 


Engineers needed with up to ten years’ experience 
for research in high speed combustion and fluid 
dynamics pertaining to jet propulsion. Work | 
broadly covers the field from fundamental research | 


to engine design. Opportunity for a career with 


a leading petroleum research company. 


Give full and specific details of education, desired 
salary, availability date and references. All in- 
quiries will be considered promptly and held con- 
fidential. 


ESSO RESEARCH AND ENGINEERING 
COMPANY 


(Formerly Standard Oil Development Company) 


Personnel Division 


P. O. Box 51 Linden, N. J. 
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Pioneers in Development 
of Vibration-Resistant 
Electrical Connector 


The unsatisfied demand for a rugged, dependable connector 
capable of meeting the exacting requirements of modern aircraft 
led the Scintilla Division of Bendix* to develop the first 
vibration-resistant electrical connector. These connectors using 
the revolutionary new insert material known as Scinflex were 
first used on Scintilla Division’s ignition equipment for piston 
engines. 

So outstanding was the performance of this new and better 
connector that its acceptance and use have now become 
world-wide. Today the Scintilla Division is a major contributor 
to the electrical connector industry. 

This pioneering has never stopped. Bendix was first in the 
field with cadmium plated connectors, which were later made 
a requirement of military specifications. Our latest contribution 
is the best engineered closed entry socket contact available 
anywhere—one which cannot be mechanically overstressed. 


*TRADE-MARK 
. SCINTILLA DIVISION OF 
Bendix SIDNEY, NEW YORK 


“Bendix” 
Export Sales: 
Bendix International Division * 205 East 42nd St., New York 17, N. Y. 


AVIATION CORPORATION 
FACTORY BRANCH OFFICES: 
117 E. Providencia Ave., Burbank, Calif., ¢ Stephenson Bldg., 6560 Cass 
Ave., Detroit 2, Mich. * 512 West Ave., Jenkintown, Pa. ¢ Brouwer Bldg., 
176 W. Wisconsin Ave., Milwaukee, Wisc. * American Bldg., 4 South 


Main St., Dayton 2, Ohio ¢ 8401 Cedar Springs Rd., Dallas 19, Texas 
e Boeing Field, Seattle 8, Washington ¢ 1701 ‘“‘K” Street, N.W., 
Washington 6, D.C. 
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o / NO, compares favorably with the best ° 
e/ propellants i in every important category: ° 
Boiling Point. 21°C 
«Freezing Point 
Critical Temperature 158°C 
latent Heat of Vaporization..99 cal/gm @ 21°C 
Critical Pressure e 
Specific Heat of Liquid 0.36 cal/gm —10 to 200° 
Density of Liquid at 20°C 
¢ _ Density of Gas 3.3 gm/liter 21°C, 1 atm e 
Vapor Pressure atm at 35°C e 
e Availability e 


NITROGEN TETROXID 


an outstanding oxidant 


for liquid propellants 


Read Why! 


Nitrogen Tetroxide offers numerous outstanding ad 
vantages as an oxidant for liquid rocket propellants, 
The combination of many factors necessary for ef 
ficient operation and handling makes it uniquely 
suitable in some applications and at a cost that ig 
attractive. 


Consider these advantages! 


] ENERGY —performance exceeds that of hydrogen 
peroxide, red and white fuming nitric acid, 
mixed acids. 


my EASILY AVAILABLE— by the cylinder or by the ton, 


3 EASY TO HANDLE-shipped, piped, stored in or 
dinary carbon steel. Has high chemical stability. 


4 DENSITY—compares favorably with other 
oxidants. 


Under vigorous rocket conditions, ALL the oxygen 
is used. This means that the Nitrogen Tetroxide is 
used completely with no waste products to eliminate, 


Write today for full details. Available in 125-lb. steel 
cylinders, and 2000-Ilb. containers. 


NITROGEN ‘ 


DIVISION /> 
VISION 


NITROGEN DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


Hopewell, Va. * Ironton, Ohio * Orange, Tex. * Omaha, Neb. 


Anhydrous Ammonia *« Ammonium Sulfate * Sodium Nitrate * Methanol 

Ammonia Liquor * Urea + Ethanolamines » Ethylene Oxide * Ethylene Glycol 

Diethylene Glycol + Formaldehyde * Nitrogen Tetroxide + Nitrogen Solutions 
U.F. Concentrate—85 » Fertilizers & Feed Supplements 
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